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PREFACE 


This book is a continuation of the Textbook of Organic Chemistry by A. F. 
Holleman, the last English edition of which appeared in 1930. 

Since that time, the adaptation of this book has been taken over by 
the undersigned, special care being taken that the original character of 
the book should be retained, i.e. that the subject matter should be treated 
not only from the standpoint of the organic chemical theory of structure 
but also from a physico-chemical point of view. 

This book is not intended only for students who have chosen 
chemistry as their main subject, but also for students of medicine and 
biology. It should render good service to biologists and medical students, 
who may wish to obtain an insight into the structure of the substances 
with which they come into contact in the course of their profession. 

The important groups of aliphatic, aromatic, alicyclic and heterocyclic 
compounds are systematically treated in succession, in such a way, that 
not only can an insight be obtained into the results and problems of organic 
chemistry, but also into the historical development of this branch of 
chemistry. 

The recent development of the chemistry of acetylene (vinylacetylene, 
chloroprene, the preparation of butadiene) is dealt with in the section on 
aliphatic hydrocarbons; cyclo-octatetraene is discussed in the chapter on 
benzene. 

The calculation of the bonding energy values of the atoms is discussed 
as well as the direct determination of heats of hydrogenation. The electronic 
configuration of the carbon-carbon double-bond is dealt with in the struc¬ 
ture of the alkenes. 

In the discussion of cis-trans isomerism, the configuration of crotonic 
acid is considered as well as the mechanism of the photochemical con¬ 
version of maleic acid into fumaric acid. 

In addition, the following subjects, amongst others, are discussed: 
investigation of the Cannizzaro reaction with the aid of deuterium, the 
mechanism of the formation and hydrolysis of esters with the help of the 
oxygen isotope ls O and the mechanism of the Walden inversion with 
radioactive iodine. 

The arrangement of molecules in mono-molecular layers is discussed with 
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the fatty acids and when dealing with fats, the synthesis of glycerides is 

discussed; the detergent action of soap is also dealt with. 

The determination of the configuration of optically active compounds 
is treated in the chapter on stereo-chemistry, so that the determination of 
the configuration of the mono-saccharides can be seen as a special case. 

Electronic formulae are used in the stereo-chemistry of nitrogen and 
sulphur compounds and the resolution of a tertiary nitrogenous base into 

optically active components is examined. 

For the benefit of readers interested in biochemistry, detailed attention 
has been given to the most important groups of natural products, such as 
sugars, starch, cellulose, proteins, terpenes, carotenoids, sterols, vitamins, 
hormones and alkaloids. Thus in the section on sugars, the biochemical 
synthesis of sucrose and the determination of the configuration of gluco¬ 
samine are mentioned. The chapter on starch is written up, in collaboration 
with Prof. N. P. Badenhuizen (Johannesburg, South Africa), in accordance 
with the most recent biochemical ideas; the biochemical synthesis of starch 
is discussed. Alcoholic fermentation is treated in broad outline. 

In the chapters on amino-acids and proteins, the most recent investiga¬ 
tions of Rose on essential amino-acids, as well as those of Kogl on ^-amino- 
acids from cancerous tumours, and the polyamides of the Nylon type, all 
find a place. 

The idea of mesomerism is discussed in connection with the structure 
of benzene; in aromatic substitution, nitration and halogenation are dis¬ 
cussed as examples of electrophylic substitution. The temperature effect 
in halogenation is also discussed as well as the mutual conversion of the 
bromonaphthalenes. 

A separate chapter is devoted to electrolytic reduction, especially of 
aromatic nitro-compounds. 

In the treatment of synthetic dyestuffs, a chapter is devoted to the 
relationship between colour and structure and the most important vegetable 
colouring matters, including the anthocyans and flavones, alizarin, indigo, 
etc., are discussed. An example is also given of a phthalocyanine pigment. 

1 he terpenes and camphors are dealt with in the chapter on cyclanes; 
synthetic rubbers are treated along with caoutchouc. 

In addition to a chapter dealing with carotenoids, there is a chapter 
devoted to vitamins and hormones, including pantothenic acid, vitamin-B 12 
and corticosterone. The remaining vitamins and hormones are discussed 
in the appropriate places, where they belong, according to their structure. 
Various antibiotics of importance in medicine are discussed, including the 
sulphapyndmes and the penicillins as derivatives of thiazole. Amongst 
the alkaloids, the constitution of strychnine is discussed on the basis of 
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the structural formula, which has been established by chemical and rontgen- 
ographical investigations. 

At the end of the book is given a short introduction on how to consult 
the literature on organic chemistry, which we hope will be a welcome 
directive for beginners in this frequently much neglected subject. 

During the preparation of this book I have received much useful advice 
from numerous colleagues. 

The writing of this textbook has been greatly facilitated by the co¬ 
operation of my wife, A. J. P. Wibaut-van Gastel, D. Sc. (Amsterdam), 
both in the study of the literature and in the composition of the manus¬ 
cript and the Index. The translator acknowledges with many thanks the 
very useful service rendered by Mr. H. N. Haddock, B.Sc., F.R.I.C., from 
I.C.I., Manchester, who kindly read through the whole of the typescript 
of the translation. 

Amsterdam, February, 1951 J. P. Wibaut 
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GENERAL ASPECTS OF ORGANIC CHEMISTRY 




CHAPTER 1 


INTRODUCTION 

i. The name organic chemistry for that part of chemistry, which may be 
defined at present as the chemistry of carbon compounds, is best understood 
from the historical development of this science. Originally, by organic 
chemistry was meant the chemical examination of substances derived from 
the vegetable and animal kingdoms. A few substances, which we now 
include amongst organic compounds, such as ethyl alcohol and acetic acid, 
were already known in ancient times, but these substances were first 
obtained in a pure state only many centuries later. Also, some naturally 
occurring dyestuffs, like indigo and the dyestuff from certain species of 
shell-fish (the Purple of the Ancients), were already known before our era. 
Many vegetable or animal materials were used in daily life—our foodstuffs 
and clothing materials—in commerce and the arts and for pharmaceutical 
purposes. 

Gradually men learned how to separate definite substances from vegetable 
and animal products: benzoic and succinic acids were found in the 16th 
century. Beet-sugar was discovered in 1747 by Margraf, who found that 
it was the same substance as cane-sugar, which had already been known 
for a long period. In the second half of the 18th century C. W. Scheele 
(1742-1786) isolated a number of acids occurring in plants, such as tartaric 
acid, oxalic acid, malic acid, citric acid and gallic acid. The isolation 
of urea from urine was described as early as 1732 by H. Boerhave 
(1668-1738). At the beginning of the 19th century the important investiga¬ 
tions of Chevreul (1786-1889) appeared on the chemical composition of 
fats, in which a number of fatty acids were described. 

In time, chemistry began to develop as an exact science; the analytical 
composition of substances was systematically determined. A. L. Lavoisier 
(1743-1794) had already established, that many substances from the 
vegetable and animal kingdoms were built up from a limited number of 
elements only, namely, carbon, hydrogen, oxygen and sometimes also 
nitrogen, as distinct from substances of the mineral kingdom, among which 
a greater number of elements were encountered. The examination of plant 
and animal substances was at first limited to analysis. The composition 
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of such substances and of the decomposition products which could be 
obtained from them by various means, especially by heating, was deter- 

inod 

m Even before the beginning of the 19th century men had learned how 
to prepare a number of inorganic salts, bases and acids in the laboratory 
and also how to obtain them starting from the elements. It appeared that 
it would be much more difficult, however, to build up from simpler consti¬ 
tuents, the substances, which men had learned to isolate from vegetable 

or animal material. 

Actually, for this purpose, a profound knowledge of the complicated 
composition and the peculiar structure, which characterise many of the 
substances occurring in living nature, was necessary. The foundations on 
which this knowledge could be based was only obtained during the first 
half of the 19th century after a great deal of experimental work. 

It was, however, clear that the formation of chemical compounds in the 
living organism takes place under quite different conditions from those 
which are used in the preparation of inorganic substances in the laboratory. 
Indeed chemical processes take place in the living organism at ordinary 
or slightly elevated temperatures: powerful reagents like strong acids or 
bases, chlorine, sodium or phosphorus in the free state, are completely out 
of the question. Very complicated compounds such as sugars, fats, proteins 
and many others, are produced by unknown ways in the plant, which has 
only carbonic acid, water, ammonia and mineral salts available to it as 
starting materials. At the same time the vital processes are characterised 
by growth and propagation and so differ entirely from the changes in 
inorganic nature. 

Thus the idea occurred to naturalists of previous centuries—held mostly 
in a vague and mystical form—that in the living organism a special influence 
was active, which could not be more closely defined and was identified as 
“vis vitalis” or as “vital force” and initiated all living processes and 
maintained them. 

From this mode of thought arose the supposition, that the chemical 
substances themselves occurring in the living organism, could be formed 
only by intervention of this “vital force”. If this was correct, naturally 
it was not possible to obtain vegetable or animal substances from dead 
inorganic materials. 


I his mode of thought was still predominant during the first half of the 
19th century, so that it was held to be impossible to construct a complicated 
organic compound from its decomposition products and a fortiori to obtain 
even a simple organic compound from the elements. Scheele had already 
obtained potassium cyanide in 1783 by heating a mixture of potash and 
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powdered graphite with sal-ammoniac. Since however, potassium cyanide 
does not occur in the living organism—the formation of hydrocyanic acid 
as a fission product of some vegetable substances was only discovered much 
later—this synthesis of potassium cyanide from inorganic materials was of 
no significance for the teaching of the vital force. 

In 1824 F. Wohler obtained oxalic acid from cyanogen gas and in 1828 
the same investigator prepared urea from ammonium sulphate and potassium 
cyanate. Thus here two substances, which are also formed in the living orga¬ 
nism, were obtained by synthesis in the laboratory. However, this discovery 
did not result immediately in the abandonment of the vital force theory. 
J. Berzelius still wrote in 1831, that there was little hope of ever being 
able to prepare organic substances artificially. So at this time confusion 
reigned as regards the various components of organisms, such as fibres, 
muscles, cells in general and the actual organic compounds, from which 
these components were constructed. 

Gradually other syntheses became known, which could rank as methods 
of formation from the elements, such as that of acetic acid by Kolbe (1845) 
and those of ethyl alcohol, formic acid, ethylene and acetylene by M. Ber- 
thelot during the years 1855-1863. 

It was M. Berthelot (1827-1907) especially, who demonstrated in a 
number of examples, that organic compounds could be obtained by syn¬ 
thesis from inorganic materials. In his famous book: “La chimie organique 
fondee sur la synthese" it was proved on this basis that “organic" substances 

are produced under the influence of the same forces as inorganic compounds. 

As a consequence of all these researches the notion of an unknown 
influence, a “vital force", which should be necessary for the formation of 
organic substances, was completely abandoned. 

Numerous discoveries made in the domain of organic chemistry during 
the first half of the 19th century, in connection with which the French 
investigators J. B. Dumas (1800-1884), A. Laurent (1807-1853), C. Ger- 
hardt (1816-1856), the Germans J. Liebig (1803-1873), F. Wohler 
(1800—1882), E. Mitscherlich (i794 —I 863) and the Englishmen E. Frank- 
land (1825-1899) and A. Williamson (1824-1904) should be mentioned, 
gradually gave a much broader basis to this branch of science. 

Men no longer limited themselves to the examination of products from 
the vegetable or animal kingdoms, but learned how to prepare numerous 
carbon compounds, which did not occur in living nature. The connection 

between various groups of compounds was found as a result of systematic 
investigation. 

The principal difference between inorganic and organic had fallen down ; 
organic chemistry was no longer only an analytical, but had become primarily 
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T u p cvnthesis of organic substances from simpler 
a synthetic science. The y present time many ex¬ 
components always made greater i n the plant or animal 

tremely complicated compounds, which occur in tne pi 

other elements together. . rl^cir 

There are however, still other reasons making separate treatment desir 

able The carbon compounds are characterised especially by pecuhar 
properties, which are not apparent to the same extent m compounds of 
other elements. This will of course appear later on; nevertheless a word or 

two should be said about it in this introduction. 

As regards its properties, the element carbon stands in between e 
typically electropositive and the typically electronegative elements, which 
is expressed in the position of carbon at the head of the fourth group of the 
periodic system. This element, which itself is electrically neutral in character, 
can form stable compounds both with hydrogen and metals and also with 
halogens, oxygen, sulphur and nitrogen. This already raises the possibility 
of the existence of a number of groups of carbon compounds. 

Still another property of carbon atoms is manifested in compounds of 
this element, namely, that they can be joined together to form chains of 
a large number of atoms. This power of forming chains of atoms, which 
is not met to this extent with atoms of other elements, is the reason why 

the number of carbon compounds is so large. 

While many inorganic substances, salts, bases and acids, are split up in 
aqueous solution or in the fused state into components with opposite electrical 
charge (ions), large classes of organic compounds are not ionised in solution 
or in the liquid state. In accordance with this is the fact that the velocity, 
with which reactions between carbon compounds take place, is usually small 
compared with that of reactions between ionogenic compounds, which so 
frequently occur in inorganic chemistry. It is clear that one must take into 
account this slow rate of reaction in the experimental investigation of 
organic-chemical reactions. 

With the low reactivity of carbon compounds is connected a phenomenon, 
which is characteristic of this group of substances, namely, isomerism, by 
which is meant the occurrence of compounds having the same composition 
and molecular size, but differing from each other in properties. Chemical 
structure theory, which has been developed to take account of the existence 
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of isomeric compounds, is the most important part of the theoretical system 
of present day organic chemistry. From the nature of the case, it was 
necessary to discover experimental methods in order to be able to learn 
the properties of isomeric compounds. The occurrence of isomeric compounds 
is an exception in inorganic compounds. 

We have seen that the name organic chemistry arises from its historical 
development. Yet this name is not of historical significance only. The 
examination of the chemical properties and of the mutual relationship of 
the substances, which are brought forth by living agencies, is still always 
a pre-eminently important problem in the chemistry of carbon compounds, 
which may now therefore also be called organic chemistry. 



CHAPTER 2 


QUALITATIVE AND QUANTITATIVE ANALYSIS OF 

ORGANIC COMPOUNDS 

2 It has already been mentioned above, that by far the greater proportion 
of organic compounds are built up from a small number of elements 
(I avoisier, Berzelius). The hydrocarbons, which contain only carbon and 
hydrogen, form a large class of compounds; substances, which contain 
besides carbon and hydrogen, also oxygen are even more numerous A great 
number of compounds contain nitrogen as well as carbon and hydrogen 
and in very many of these, oxygen also occurs along with the three elements. 
Further, carbon compounds are known of practically all the elements with 
the exception of the noble gases. Among the elements from which compounds 
from the animal and vegetable kingdoms are constructed, the most important 
arc carbon, hydrogen, oxygen and nitrogen. Phosphorus and sulphur also 

occur in a number of these compounds. 

Further, organic compounds from plants and animals are known contain¬ 
ing magnesium, iron, copper or iodine; calcium and potassium occur in the 
form of salts of organic acids. 

The qualitative analysis of organic compounds, the aim of which therefore 
is to discover what kinds of atoms occur therein, can be carried out by 
oxidation. In this way carbon itself is converted into carbon dioxide, which 
can be detected with lime-water; hydrogen becomes water, nitrogen escapes 
as such; sulphur and phosphorus are oxidised to sulphuric acid and phos¬ 
phoric acid, respectively. In the oxidation of organic metal compounds the 
metal is found in an easily recognisable form of combination, or in the 
elemental state if a noble metal is concerned. 

This oxidation is carried out in different ways according to what element 
it is desired to detect. For testing for carbon, hydrogen and nitrogen use is 
very frequently made of copper oxide. For this purpose the two compounds 
are mixed and this mixture is heated in a tube sealed at one end. The 
oxygen of the copper oxide oxidises the carbon and the hydrogen. The 
nitrogen escapes as such; in order to demonstrate this element in this way, 
exactly the same method is followed as will be described more fully in the 
quantitative determination of nitrogen. If it is desired to test for halogens. 
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sulphur, phosphorus, etc., it is more practical to oxidise the substance 
under investigation with concentrated nitric acid. 

In many organic substances the nitrogen can be converted into ammonia 
by heating with soda-lime or with concentrated sulphuric acid. Another 
method, which is very much used as a test for this element, was found by 
Lassaigne. It consists in heating the substance to be examined with a 
small piece of sodium in a narrow tube sealed at one end. If the compound 
contains nitrogen, sodium cyanide is formed, which gives a precipitate of 
Prussian Blue with a solution of ferrous sulphate and a little ferric chloride. 
The Lassaigne reaction does not succeed with substances, which already 
split off their nitrogen at slightly raised temperatures ( e.g . diazo-compounds). 
Nitro-compounds also give only a weak reaction in this test. 

Halogens may be tested for by heating the substance with quicklime; 
calcium halide is produced. A very sensitive method consists in heating 
a little of the compound with copper oxide in a non-luminous flame. Copper 
halide is produced, which volatilises in the flame with the production of a 
beautiful green colouration (Beilstein test). These two methods can 
always be applied. 

Sulphur can frequently be detected by heating the compound with a 
small piece of sodium in a narrow tube sealed at one end; in this case 
sodium sulphide is produced. The reaction mass is extracted with water 
and to the solution is added a solution of sodium nitroprusside [Na 2 FeCy 5 
(NO) -f- 2aq]; the liquid assumes an intense violet colour. 

The presence of oxygen in an organic compound can be made apparent 
only from a quantitative analyse, since no qualitative reaction is known, 
by which the presence of this clement in organic compounds can be detected. 

3. The quantitative analysis of organic compounds, the so-called elementary 
analysis, has the object of determining the ratios by weight, in which the 
elements are present in the compound. The oldest and most general method 
is the same in principle for all organic compounds and depends on oxidation. 

Determination of carbon and hydrogen according to Liebig. The method 
used for this determination was recorded in principle by Berzelius and 
by Gay-Lussac and was simplified by Liebig and others. 


The combustion takes place in a tube of difficultly fusible glass ab (Fig. 1) 

filled with a layer of coarsely granulated _ n _ .q v - IM - 

copper oxide, ed ; this layer is kept in a g h 1 c 0 af b 


place on either side by rolls of copper 


Fig. 1 . Combustion tube for elemen- 


gauze ( ce and df), which are oxidised by 


tary analysis 


heating in oxygen. A similar roll of oxidised copper gauze gh is placed at 
the end a, where the weighed quantity (0.1—0.2 g.) of substance to be 
analysed is found in a small porcelain boat i. The tube ab is placed in a 
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( hi (VifT 2)- during the combustion air or oxygen, which 

combustion furnace hi (Fig. ), S Hinvide and water vapour 

attached) is passed through the tube at a. The gases issu g 
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bustion tube at b flow first of all through a U-tube n filled with calcium 
chloride, in which the water formed is absorbed and then through three 
U-tubcs containing soda-lime and calcium chloride (only two are shown 
in the figure), in which the carbon dioxide is taken up. After these U-tubes 
follows a small wash-bottle p, filled with sulphuric acid, which serves as 
a “bubble counter”, in order to observe the speed of the gas stream. The 
combustion is carried out in such a way that the layer of copper oxide ed 
is first of all brought to a dull red heat and then by carefully heating the 
place where the boat is situated, the substance is slowly burnt first in a 
stream of air and finally in a stream of oxygen. The layer of heated copper 
oxide serves to oxidise gaseous decomposition products completely to 
carbon dioxide and water. From the increase in weight of the calcium 
chloride tube and the tubes containing soda-lime are found the quantities 
of water and carbon dioxide formed, from which are calculated the amounts 
of hydrogen and carbon, which were present in the weighed amount of 

substance. 

If the substance contains nitrogen, a roll of clean copper gauze, which 
is gently heated during the estimation, is introduced into the combustion 
tube at b; the hot copper decomposes oxides of nitrogen, which may be 
formed in small quantities during the combustion and would otherwise 
be taken up in the soda-lime tubes. If the substance contains sulphur or 
halogens, a layer of lead chromate is introduced into the tube at b and is 
gently heated. In this way sulphur and halogens are fixed as lead sulphate 
and lead halides, respectively. 

By the method described, the combustion of a few tenths of a gram of 
substance requires the use of a large and rather cumbrous appartus. Ter 
Meulen and Heslinga have worked out a method, which is much simpler 
in performance: manganese dioxide is used instead of copper oxide. Much 
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less of this is necessary so that a shorter combustion tube and a small 
combustion furnace can be used. 

Determination of nitrogen by the method of Dumas. For this purpose a 
similar apparatus to that for the determination of carbon and hydrogen 
according to Liebig is used. In place of purified air, carbon dioxide is led 
into the inlet of the combustion tube, the air in the tube being completely 
displaced before the beginning of the combustion. Instead of the U-tubes 
at the end of the combustion tube, there is placed a nitrometer, in which 
the nitrogen is collected over strong caustic potash solution, the gaseous 
combustion products, carbon dioxide and water, being absorbed in the 
alkali. At the end of the combustion, which is carried out in the same way 
as described for the determination of carbon and hydrogen (in this case 
also the combustion tube contains a roll of copper gauze, which is gently 
heated), all the nitrogen is driven over into the nitrometer by a stream of 
carbon dioxide. The nitrogen is eventually transferred into a measuring 
tube over water and the volume is measured at the same time as the temp¬ 
erature and the height of the barometer. The nitrogen content of the substance 
under investigation is calculated from these data. 

Determination of nitrogen by the method of Kjeldahl. The nitrogen is 
split off quantitatively in the form of ammonia, from nitrogenous compounds 
in which the nitrogen is combined in the form of amino-, imino- or cyano- 
groups, if the organic substance is heated with concentrated sulphuric acid, 
which thereby acts as an oxidising agent and is converted into sulphurous 
acid. Sometimes another oxidising agent, such as manganese dioxide or 
potassium permanganate, is also added. A little mercury is added in addition, 
which passes into solution as the sulphate during the experiment and acts 
as an “oxygen carrier" by virtue of the conversion of mercuric sulphate 
into mercurous sulphate. The latter is reoxidised to mercuric sulphate by 
the sulphuric acid. 

The reaction is carried out in a flask with a long neck, in which the mixture 
of sulphuric acid and a weighed amount of substance is heated; usually the 
mass blackens at first due to carbonisation and the liquid eventually 
becomes colourless again after a few hours’ heating. The substance is then 
completely oxidised and the nitrogen is now present as ammonium sulphate. 
Therefore, after diluting the liquid and making alkaline, the ammonia can 
be distilled off and determined titrimetrically. This method, which is much 
simpler to carry out than the Dumas method and gives equally accurate 
results, is of great importance for determining the nitrogen content of 
proteins and hence also for the analysis of foodstuffs and fodder. The 
Kjeldahl method cannot be used—at least in the form described here—with 
compounds in which the nitrogen is attached* to oxygen, e.g. nitro- and 
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™ibe; the latter is then heated in a thick-walled iron jacket for several 
hours at 180-300’. In this way the organic substance is completely oxidised 
and the halogen is converted into silver halide, which can be determined 
eravi metrically. This method is tedious but accurate in procedure and can 
be applied to all substances containing halogen. The Carius method may 
also be used for the determination of sulphur, phosphorus and arsenic, the 
elements being oxidised to sulphuric acid, phosphoric acid and arsenic acid 
respectively, which may then be determined by the usual methods of 

inorganic analysis. , , . , 7 

Methods of Ter Meulen for the determination of sulphur, nitrogen, halogens 

and oxygen. While all the above-mentioned methods are based on oxidation, 
methods have been worked out by Ter Meulen, which depend on reduction ; 
sulphur is converted into hydrogen sulphide, nitrogen into ammonia, 
halogens into hydrogen halides and oxygen into water. The determination of 
nitrogen by this method gives good results with all types or organic com¬ 
pounds no matter in what form the nitrogen is combined and in most cases 
is to be prefered to the method of Dumas for its easy and simple method 
of procedure. The substance is heated with finely divided nickel in a stream 
of hydrogen at 250-400°, when all the nitrogen is converted into ammonia, 
which is collected and can then be determined by titration with acid. 


For the determination of sulphur the substance is heated in a stream of 
hydrogen to 600-700°, the tube in this case being filled with platinised 
asbestos; the resultant hydrogen sulphide is determined iodometrically or 
as cadmium sulphide. 

For the determination of halogen the substance is heated in a stream of 
hydrogen and gaseous ammonia. The combined halogen is then converted 
into the corresponding ammonium halide, which is deposited in the cooler 
part of the tube. 

For the determination of oxygen the organic substance is heated in a 
stream of dry hydrogen; the decomposition products first of all come into 
contact with red hot platinised asbestos, by which they are decomposed in 
such a way that the combined oxygen in the organic compound is converted 
into carbon monoxide, carbon dioxide and water vapour. This mixture, 
mixed always with an excess of hydrogen, next comes into contact with a 
catalyst consisting of finely divided nickel on thorium oxide heated to 350°, 
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by which the oxides of carbon are reduced and the combined oxygen is 
converted into water vapour (17). Thus in this way the oxygen combined 
in the organic compound is split off quantitatively as water, which is 
collected in a calcium chloride tube. 

Before this method was known the percentage of oxygen could only be 
calculated by subtracting the sum of the percentages of all the other 
elements, which could be determined analytically, from 100. Thus all the 
errors of observation are accumulated in the oxygen figure. By means of 
the Ter Meulen method it is possible to test the accuracy of the analytical 
figures obtained also on compounds containing oxygen, since the sum of 
the percentage figures must be 100. 

Example of the calculation of the percentage composition and of the 
empirical formula from the results of an analysis: 


The following results were obtained on the analysis of a substance: 0.2169 g. of 
substance gave 0.0685 g. of water and 0.5170 g. of carbon dioxide. 0.2218 g. of substance 
gave 17.4 ccs. of nitrogen, measured over water at 6° C. at a barometric pressure 
of 762 mms. 

Since 12 parts of carbon are present in 44 parts of carbon dioxide and 2 parts of 
hydrogen in 18 parts of water, the weight found for C 0 2 must be multiplied by 12/44 = 
3/11, to find the carbon content, and the weight found for water by 2/18 = 1/9, to 
obtain the hydrogen content. When this calculation is made, it appears, that 65.00 % 
of C and 3.51 % of H are present in the compound. 

The weight of nitrogen is calculated as follows. Since it is saturated with water 
vapour, the vapour pressure of water vapour must be subtracted from the barometric 
pressure, in order to find the pressure of nitrogen. The vapour pressure amounts 
to 7.0 mms. at 6° C. Hence the pressure, under which the nitrogen stands, is 762 — 
7 = 755 mms. The weight of 1 cc. of nitrogen at o° and 760 mms. is 1.2562 mg.; 
1 cc. of nitrogen at 755 mms. and 6° C. weighs in mgs.: 


12562 755 

- ■ — — ■ ■ ■ ■ ■ ■ 1 ■ ■ ■ ■ ■ • - 

1 + 6 x 0.00367 760 


1.22. 


Hence the 17.4 ccs. of nitrogen found weigh 1.22 X 17.4 = 21.23 rng.; the nitrogen 
content is therefore 9.57 %. 

The sum of these percentage figures for C, H and N is 78.08, from wliich it follows, 
that the oxygen content of the substance, which has been analysed, amounts to 
21.92 %; thus from the analysis the percentage composition is: 

C 65.00 

H 351 
N 9-57 
O 21.92 

These values, divided by the figure for the atomic weights of the respective ele¬ 
ments, give: 


C 

5-42 


H 

3 - 5 * 


N 

0.68 


O 

I *37 
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become: 
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s divided by 0.6S. in order to obtain as near as possible -hole numbers. 


c 

7-9 


H 

5 1 


N 

1.0 


O 

2.0 


closelv wlth the formula C s H 5 O s N. When the percentage 
Ss^V^uSrtis formuia. one finds: 

C 65.31 H 3 *° N 9 52 

which agrees well with the analyse. 

/v<»\ In the methods discussed above 50-150 milligrams of 
Elementary ,„iero-«>wl}sis. *" J determination. In many researches, par- 

substance are required for ca organisms only very small quantities of 

ticularly on "state^ so that on.y a few 

the compound to he exa ^ Pregl has elaborated methods for elementary 

milligrams are availabl . i , . w ill suffice for each determination. In 

analysis, in which 3 to .0 mg. o ‘ *“**““„ thc determinations of 

P C anT H r ™ tL a dete^natffin o, N by Dumas or of halogen by Car, us 

white tf^i,u!5 .« «n2d out on a micro-balance, which has a 
. t; J of o 001 me. The Kjeldahl method can also be carried out as a micro 
method The determination of thc composition and the structure of numerous 
compounds of very great importance for physiology, such as vitamins, hormones 
and enzymes, 1ms only become possible since these accurate micro-analytical methods 

have been available. 
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DETERMINATION OF THE MOLECULAR WEIGHT 

4. From the chemical analysis, the empirical formula of a compound is 
found, but not the molecular formula, since a compound of formula C a HbO c 
has the same percentage composition as (C a HbO c )n- In some cases a minimum 
value can be found by comparing the composition of the substance under 
investigation with the composition of a derivative obtained from the 
substance. The empirical formula for benzene is found to be CH. By the 
action of bromine on benzene, bromobenzene can be obtained with the 
empirical formula C 6 H 5 Br. This compound can be reduced again to benzene. 
Because not less than one bromine atom can be present in a molecule of 
bromobenzene, the molecule of benzene must at least be represented by 
C 6 H 6 . The molecular formula, however, could also be C 12 H 12 , or in general 
(C 6 H 6 ) n . Supposing that the formula were C 12 H 12 , then that of the derivative 
containing bromine should be C 12 H 10 Br 2 . 1 hus this substance would be 
derived from benzene by replacing two hydrogen atoms and attempts could 
be made to obtain a compound with the empirical formula C 12 H n Br. If 
this compound could not be prepared, the simpler formula C 6 H 5 Br for the 
bromo-derivative would become more probable, but not absolutely certain, 
however, since the conditions, necessary for the formation of C 12 H n Br, 
had perhaps not been discovered. It may be concluded therefore from such 
chemical reactions, that the molecular formula of benzene cannot be less 
than C 6 H 6 , but not whether the formula is a multiple of this. 

The molecular weight of a compound is determined by physical methods, 
namely, from the vapour density of a gaseous substance, or from the lowering 
of the freezing point, the raising of the boiling poi 7 it or the osmotic pressure 
of a dilute solution of the substance to be examined. 

Vapour density. A suitable method for the determination of the vapour 
density is given by Victor Meyer. The apparatus used (Fig. 3) consists 
of a glass tube ac, which can be closed at the top by a stopper and has a 
wider, cylindrical portion ab at the lower end with a capacity of about 
200 ccs. The upper end of the tube has an exit-tube, connected by means 
of a thick-walled rubber tube to a gas-burette. At the same time the upper 
end of the tube is fitted with a side-tube, into which a glass rod is introduced 
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bv means of a Piece of rubber tubing in such a wayjatit can = * 

The tube ac is surrounded by a "jde g the substan ce. of which 

placed a liquid with a higher boiling 1 bu lb, containing 

the vapour density is to be determined. A thin^alle g intro duced 

a weighed amount of the the glass rod, and the 

at the top of the tube at c so that t c bulbrests ^ ^ at the top . The 

liquid in d is brought to the boil. w upper pa rt of ed\ after 

vapour from the boiling ^ the air in ab has reached a con¬ 

stant temperature approximately equal to 
that of the boiling liquid. The tube ac is now 
closed with a stopper and the water in the 
burette is brought to the zero mark After 
a check has been made that the level of the 
water in the burette no longer varies and 
therefore that the distribution of the tem¬ 
perature in ac has become stationary, the 
glass bulb is allowed to fall by withdrawing 
the glass rod at /. The bulb breaks and the 
contents quickly volatilise into the wider 
portion. As a result, a volume of air, which 
is equal to that of the amount of vapour 
produced, is driven over from ac into the 
measuring-tube, where it is measured. While 
the air in the heated part of the apparatus 
had the temperature prevailing there, that 
in the measuring tube has the temperature 
of the surroundings, so that this must be 
used in the calculations. Thus the experiment 
gives a volume of air, which is as large as 
the volume, that the weighed amount of sub¬ 
stance would occupy in the gaseous state, 
if the substance could be converted into the gaseous state at ordinary 
temperatures and under a pressure of one atmosphere. 

A great advantage of this method over others is, that it is unnecessary to 
know the temperature, to which the apparatus is heated \ it is essential 
only that the temperature shall remain constant during the short time of 
the experiment. This is clear from the calculation, in which temperature 
does not occur. 

Suppose, that g mg. of substance have been weighed out and that the 
volume of air measured in the measuring-tube over water amounts to V ccs., 



Fig- 3 - 

Victor Meyer apparatus for 
determination ot vapour density 
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the barometric height is H, the temperature of the air and of the water is 1 ° 
and the vapour pressure of water at the temperature is b. 

The volume of g mg of substance at a temperature of t° and a pressure 


H & mm > 1S therefore V ccs., so that under these conditions -|-mgof 

substance are present in unit volume (i cc.). i cc. of oxygen at H — b mm 
a 40 • v 1.4290 H — b 

and t weighs: mg, from which it follows that the 

vapour density D with respect to oxygen (O = 16) is: 
n __ r g 1 + 0.0367/ 760 

D IO X — ■ •-- - ^ n rl t h** mnln/'nlor 4 - TVT _ ~ T\ 

V 1.4290 H — 


, and the molecular weight M = 2 D. 


The accuracy of this method amounts to 3—5 %, which is usually sufficient 
for the determination of a molecular weight. 

5. Depression of the freezing point. The freezing point of a solution, i.e. 

that temperature at which the solvent just begins to crystallise, is lower 

than the freezing point of the pure solvent. The theory of dilute solutions 

(\ an t Hoff) teaches, that the difference in freezing point between pure 

solvent and a dilute solution, the lowering of the freezing point, which is 

designated by the letter A, does not depend on the nature of the dissolved 

substance, but only on its molecular weight and the nature of the solvent. 

In this connection, substances which dissociate in solution (electrolytes) 

are left out of consideration. Thus if a grammolecule of one substance or 

another is dissolved in 100 g of a particular solvent, this solution always 

shows the same lowering of the freezing point, no matter what substance 
has been dissolved. 


Therefore the freezing point of the substance, which is to serve as the 
solvent, is first of all determined. Then a dilute solution is prepared from 
this solvent and a known concentration of a compound, the molecular 
weight of which has been determined from its vapour density. From the 
lowering of the freezing point found, one calculates the lowering of the 
freezing point which would result from a solution of a molecule of the dissol¬ 
ved substance in 1000 g of solvent. This number, which from the above is a 
constant for a given solvent, is called the molecular depression of the freezing 
point of the solvent; this constant is represented by the letter K. 

If now a solution containing a gram of a substance of unknown molecular 
weight M, in 1000 grams of solvent, shows a lowering of the freezing point 
of A°, the following ratio holds: 


A : K = a : M 

from which M can therefore be calculated. 

holleman-wibaut, Organic chemistry. 
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Table x gives the molecular depressions of the freezing point for a number 

of solvents. The •‘calculated" figures are found from the formula K = —- 

in which K is the molecular depression of the freezing point T is th = a ^ solu ‘ e 
temperature of the freezing point of the solvent and W is the latent heat of 
fusion in gram-calories per rooo grams of solvent (Van t Hoff). Thus the 
latent heat of fusion of the solvent can be calculated from the depression 
of the freezing point brought about by a substance of known molecular 


'^Xhesame formula holds for calculating the molecular elevation of the boiling 
point', T is then absolute temperature of the boiling point of the solvent 
and W the latent heat of evaporation of a xooo grams of solvent. 


TABLE 1 

MOLECULAR DEPRESSIONS OF FREEZING POINT 


Solvent 

Melting 

point 

Molecular depression of 
the freezing point 

Found 

Calculated 

Water 

0° 

1.86 

1.86 

Acetic acid 

16 . 67 ° 

3.9 

3.88 

Benzene 

5 . 49 ° 

5.13 

5.3 

Nitrobenzene 

5 . 67 ° 

6.89 

6.9 

Phenol 

42 ° 

7.5 

7.7 

Naphthalene 

80 . 1 ° 

6.9 

6.9 

Urethan 

49 ° 

5.1 


1 . 2 -D ibromocthanc 

9 . 98 ° 

12.5 


^-Toluidinc 

42 ° 

5.2 


Camphor 

180 ° 

40 



The molecular depression of the freezing point is very high for camphor. Therefore 
when camphor is used as solvent the lowering of the freezing point can be measured 
with an ordinary thermometer divided in degrees and it is not necessary to use a 
thermometer, calibrated in tenths of a degree or less (Jouniaux). A method in which 
camphor is used as the solvent for determining the lowering of the freezing point 
with very small quantities of material (Micro-determination of the molecular weight), 
has been worked out by Rast. 

The Eykman depressimeter (Fig. 4) is a very suitable apparatus for deter¬ 
mining the lowering of the freezing point with sufficient accuracy for calculat¬ 
ing the molecular weight. It consists of a short thermometer divided in 
1/20 ths of a degree, with a small flask attached by means of a ground joint. 
1 he whole apparatus is placed in a glass cylinder, in which it is secured by 
a stopper at the upper end and underneath by cotton wool. This also serves 
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to retard cooling, since it is a bad conducter of heat. A weighed quantity 
of solvent is introduced into the flask and the freezing point determined. 
Subsequently a weighed amount of substance, the molecular weight of 
which is required, is dissolved in the solvent and the 
freezing point re-determined. 

Example. 0.3943 g of a substance of the composition C 7 H,ON 2> 
was dissolved in 14.34 0 °f phenol. Hence this solution contained 
27.5 S °f substance per 1000 g of solvent and showed a lowering 
of the freezing point of 0.712 0 . The molecular depression of the 
freezing point of phenol is 7.5. Thus the molecular weight M of 
the dissolved substance is found from the ratio: 

0.712 : 7.5 = 27.3 : M, 

from which it follows that M = 289. 

Since the formula Gyl^ON* agrees with a molecular weight of 
135 and C 14 H 14 0 2 N 4 with 270, the latter value lies closest to the 
molecular weight found, and the double formula must therefore 
be ascribed to the substance under examination. 

Elevation of the boiling point. The same laws hold for 
the elevation of the boiling points of dilute solutions as 
for the depression of the freezing points. The molecular 
elevation of the boiling point, i.e. the difference in boiling 
point between the pure solvent and the boiling point of a 
solution containing 1 mol of dissolved substance per 1000 g 
of solvent, is again a constant for a given solvent. The 
ratio A : K = a : M, in which A represents the observed 
increase in boiling point of a solution containing a g of substance per 
1000 g of solvent and K is the molecular elevation of the boiling point of 



Fig. 4. Eykman 
depressimeter 


TABLE 2 

MOLECULAR ELEVATIONS OF BOILING POINT 


Solvent 

Boiling 

point 

Molecular elevation of 
the boiling point 

Found 

Calculated 

Water 

100.0° 

0.515 

0.52 

Diethyl ether 

34 . 6 ° 

2 . 1 G 

2.1 

Ethanol 

78 . 3 ° 

1.20 

1.15 

Acetone 

56 . 1 ° 

1.73 

1.67 

Chloroform 

61 . 2 ° 

3.88 

3.7 

Carbon disulphide 

46 . 3 ° 

2.29 


Benzene 

80 . 5 ° 

2.57 

2.67 

1 . 2 -Dibromoethane 

132 ° 

6.43 


Phenol 

180 . 5 ° 

3.60 

• 
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r 1 value of K for a number of solvents is 

the solve " t ' /'It’wiU bl seen that the molecular elevation of the boiling 

g ‘ Ve t ! n ah a vavs smll er than the molecular depression of the freezing point. 

rhereforf Ihe ebu£scopie method is less accurate than the cryoscopic 

"'eSlvn has also described a practical apparatus for determining the 

rise in the boiling point, which is depicted in Fig. 5. 

Besides the thermometer it consists of two glass 
divisions; A, about 40 cm long and about 4 cm 
wide, acting simultaneously as a boiling jacket 
for the pure solvent and as an air condenser, and 
B only a few mm narrower than A, to which the 
actual boiling vessel C with its narrow side-tube 
I), is sealed. This vessel can be raised or lowered 
by means of the platinum wire E. The thermometer 
scale is divided in 1/10 ths of a degree so that is 
can be estimated to 1/100 ths of a degree with a 
lensc. It serves therefore for reading the boiling 
temperature and also for determining the volume 
of solution present in the boiling vessel. For this 
purpose it is calibrated beforehand with the 
thermometer in position, which can be done quite 
easily either by weighing or by direct measurement. 

5-10 ml of solvent are introduced into the vessel 
C, so that the liquid reaches to about the begin¬ 
ning of the thermometer scale, while 40-50 ml of 
solvent are placed in the boiling jacket. The 
apparatus is now heated with a small flame until 
the vapour condenses at a constant height in the 
tube A (at about the height of the letter E in the 
figure). The thermometer is read off as the tempe¬ 
rature becomes constant. The clamp is now moved 
so far upwards that the top edge of vessel C 
reaches a few cm out of the boiling jacket, a 
weighed amount of the substance to be examined 
is introduced into the boiling vessel, after which 
it is again lowered slowly into the jacket A. The boiling point of the 
solution formed in the boiling vessel is higher than the boiling point of the 
pure solvent;the vapour of the boiling solvent, which enters the bottom 
of the boiling vessel through the sidetube D, therefore condenses in the 
solution. On account of the latent heat, which is liberated, the temperature 



Fig. 5. Eykman apparatus 
for the determination of 
the elevation of the boiling 
point 
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of the liquid rises until the boiling point of the solution is reached ; the temp¬ 
erature then changes no further as more vapour is passed through. The 
temperature is again read, the vessel C is again lifted out of the vapour 
in the jacket and the position of the meniscus of the solution is read off as 
accurately as possible on the thermometer scale. The volume of the solu¬ 
tion is calculated from the previous calibration. 

Since, in this case, the volume of the solution is determined, it is convenient 
to calculate the constant on the volume, by dividing the value by the 
specific gravity of the liquid at the boiling point. The figures then become 
for water 0.53; acetone 2.3; ethanol 1.58; benzene 3.08. 



CHAPTER 4 


METHODS FOR THE SEPARATION AND IDENTIFICATION 
OF ORGANIC COMPOUNDS; DETERMINATION OF SOME 

PHYSICAL CONSTANTS 

(i) methods of separation 

6 Distillation. The separation of a liquid mixture by distillation depends 
on the difference in volatility of the constituents. The simplest set up for 
a distillation is given in Fig. 6. The liquid is brought to the bod m the 
distillation flask, which also contains a few pieces of porous pot ( boiling 

Q 



Fig. 6. Simplest set up tor distillation 


stones”) to facilitate smooth boiling. The vapour which escapes from the 
boiling liquid, contains more of the most volatile constituent than the liquid. 
This vapour passes through the side-tube into the condenser, where it is 
condensed; the distillate which passes over at the beginning of the distillation 
therefore contains more of the most volatile component than the original 
liquid mixture. As the distillation is continued the temperature of the 
boiling liquid rises, while the composition of this liquid and that of the 
vapour co-existing with it gradually alters. Thus the distillate can be 
collected in different fractions. By systematically repeating this process, 
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i.e. by fractional distillation, in which the extreme fractions, i.e. the most 
volatile and the least volatile, are separated and the middle fractions are 
collected together and again distilled between narrow temperature limits, 
in many cases an almost complete separation can be achieved. 


For obtaining a closer view ot what occurs in the distillation of liquid mixtures, 
it is useful to consider the boiling points curve of a binary mixture; such a curve gives 
the relationship between the composition of the boiling liquid and the co-existing 
vapour. The general shape ot the different types 01 boiling points curves can be derived 
from the theory of binary mixtures (Konowalow, Van der Waals, Bakhuis Rooze- 
boom). Similar curves have also been determined experimentally for a number of 
mixtures of liquids. Fig. 7 gives the simplest form of a boiling points curve for a 
mixture of two liquids A and B which are miscible 
in all proportions. 

The horizontal axis represents the composition 
of the mixture from 100 % A to 100 % B. The 
temperature is given along the vertical axis; the 
curve is valid for a particular pressure, another 
curve, usually of the same type, holds for each 
other pressure. If the pressure is one atmosphere 
then a represents the boiling point of the most 
volatile component A, and b the boiling point of the 
least volatile component B. The curve aecb gives 
the temperatures, at which mixtures lrom 100 % A 
to 100 % B begin to boil. In general, this curve is 
not a straight line, which indicates, that the boiling 
point of a mixture of liquids does not as a rule vary 
linearly with the composition, although in many 
cases the deviation is not great. The composition 
of the vapour, corresponding to the boiling liquid, 
is given by the curve afdb. At a and b, i.e. for each of the components separately, 
the composition of the vapour is identical with that of the liquid; for all other mix¬ 
tures the vapour is richer in A than the coexisting liquid. 

If a liquid mixture of composition x x is heated, it begins to boil at a temperature l x , 
which corresponds with the point c; the composition of the vapour d, which is evolved 
at the first moment of boiling, is given by x z . Because the coexisting vapour and 
liquid are at the same temperature, c and d lie in a horizontal line. If the vapour d 
is lead off into the condenser, the liquid becomes poorer in A and the temperature of 
the boiling point rises; the composition and the temperature of the boiling liquid 
alters according to the curve cb and that of the vapour according to the curve db. 

In actual practice in carrying out a distillation, however, the vapour d is cooled 
on its way from the boiling liquid to the condenser, for example, to a temperature t 2 : 
the consequence ot this is, that a part of this vapour is condensed to a liquid e of 
composition x 3 , which returns to the flask, while the vapour / of composition x A 
reaches the condenser and is recovered as the distillate. Hence by partially condensing 
the vapour from a boiling liquid the useful effect ot the distillation is increased. This 
is accomplished by placing a fractionating apparatus between the boiling flask and 
the condenser (see Fig. 8). 



Fig. 7. Boiling points curve 
for two liquids miscible in all 
proportions 
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separation and identification 

, *- n nf the vapour is obtained as a result of the 

The desired partial condensa ^ ,‘° e vapour ris i n g from the flask has 

condensing surface of this type o PP ‘ ure than the liquid flowing down the 

fractionating column ; the vapour is cooled in its "'ay upwards, 
the falling liquid is heated. In order to bring about this 
exchange Tn temperature as completely as possible, by which 
the descending liquid becomes poorer and the ascending 
vapour becomes richer in the component A intimate contact 
between liquid and vapour is necessary. This requirement is 
fulfilled by the construction of the fractionation apparatus 
(by filling with glass rings or beads, appropriate constnc- 

'TiiumbL of mixtures are known also, in which the boiling 
points curve shows a maximum or a minimum: Figs. 9 and 10 
At the minimum (or the maximum) the composition of 
the boiling liquid a, is the same as that of the coexisting 
vapour. In Fig. 9 the boiling point curve is given bj radcgb 
and the composition ot the coexisting vapour by aecfb. The 
vapour /. corresponding to a liquid g. contains more of 
component A. the vapour e. however, contains less of A 

than the corresponding liquid d. 

If one has a mixture, the composition of which lies between 

* and B it will not then be possible to separate the compo¬ 
nent A in a pure state by fractional distillation. Actually the 
liquid with the lowest boiling point will be separated oft; 
Fig. 8. Boiling flask with this liquid will consist now not of component A but o a 

fractionating apparatus mixture of % of Band ioo x x ° /0 o . ncc e 

position of this mixture has been reached it is not altered 

by continued distillation.since for this particular mixture the composition of the vapour 
^ .. _ 1:_:.i TI...C *k«c mivfnrp lsehavcs as far as the boiling 





B 


Fig. 9. Boiling points curve 
showing minimum 


Fig. 10. Boiling points curve 
showing maximum 


point is concerned, like a pure substance. If one starts from a mixture intermediate in 
composition between A and x x , the constant boiling mixture of composition x x can 
be separated by fractional distillation, while pure A eventually remains behind in 
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the distillation flask. Mixtures with a minimum or maximum boiling point are called 
azeotropic mixtures. Mixtures with minimum boiling points are found, for example, 
in the binary systems : ethanol—water, propanol-i—water, propanol-2—water and 
in a great number of other binary systems of organic liquids: e.g. in mixtures of alco¬ 
hols with hydrocarbons, alcohols with esters, alcohols with halogeno-compounds, 
ketones with hydrocarbons, esters with hydrocarbons and even in mixtures of very 
closely related compounds such as alkanes with cyclanes. Hence in separating mixtures 
by distillation the possibility of azeotropy must always be taken into account; therefore 
a few examples are given in Table 3. 

TABLE 3 


AZEOTROPY 


Component A 

Component B 

B.p. A 

°C 

B.p. B 

°C 1 

B.p. azeotropic 
mixture °C 

° \ 

Ethanol 

Water 

78.3 

100 

78.15 

95.57 

Ethanol 

Benzene 

78.3 

80.5 

68.2 

32.4 

Methanol 

Ethyl acetate 

64.7 

77.1 

62.2 

44 

Ethanol 

1 . 2 -Dichloroethane 

78.3 

83.7 

70.5 

37 

n-Hexane 

Butanone 

68.9 

79.0 

64.2 

63 

n -Hexane 

Ethyl acetate 

68.9 


65.0 

58 

Benzene 

Cyclohexane 

80.5 


77.65 

52.5 

1 


For an example of azeotropy in a ternary mixture sec 31. 

Examples of liquid-pairs with a maximum boiling point are water—nitric acid, 
water—hydro-lialogenic acid, water—formic acid and chloroform—acetone. 

7. Distillation under reduced pressure. Many organic compounds decom¬ 
pose when they are heated under ordinary pressure at their boiling point. 
In order to purify such substances by distillation, the process is carried 
out at reduced pressure. At 15 mm pressure (water pump) the boiling point 
of many organic substances lies about 100 degrees lower than at 760 mm; 
by using a higher vacuum (1 to 0.01 mm) the boiling temperature can be 
reduced considerably further. 

Distillation with steam. Substances, which have a sufficiently high vapour 
pressure at ioo°, but possess boiling points much higher, can be volatilised 
by steam at ioo°; the vapour of the organic compound is condensed along 
with the steam. In many cases, the distillation of two liquids, e.g. water 
and the substance passing over with the steam, which are not miscible in 
all proportions, is encountered. If two liquids, which are completely insoluble 
in one another are heated together to the boil, the vapour pressure of the 
one liquid is not altered by the presence of the other. When the two liquids 
boil together the total vapour pressure is equal to the atmospheric pressure; 
hence the partial vapour pressure of each of the two liquids is smaller than 
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( whirh it follows, that boiling occurs at a 
the baromemc pressure, r the boiling point of the lower-boiling 

temperature, w ic lb ^ some of each 0 f the two immiscible liquids is 
t) resent'in the’disHllation flask, the temperature and the composition of 

- heated with water, boili^ — 
at oo 2 both substances distil over at this temperature until only one of 
‘them remains behind in the distillation flask, depending on the relative 
quantities which were originaUy present. When this point is reached, the 
temperature quickly rises to the boiling point of the substance remaining 


Nitrobenzene boils at 210,6“; if nitrobenzene is heated with water the 
mixture distils over at 99° at an external pressure of 760 mm; at this 
temperature the water vapour has a pressure of 733 mm, hence the partial 
pressure of nitrobenzene is 27 mm. The quantities by weight of water and 
nitrobenzene, which are present in the vapour phase, are in the proportion 
of the products of the partical pressures and the molecular weights, thus 
as 733 X 18 (water): 27 x 123 (nitrobenzene) or approximately as 4 : 1. 
Notwithstanding the small vapour pressure of nitrobenzene at the tempera¬ 
ture of distillation, this substance distilsover quite rapidly, i.e. with relatively 
little water, because water has a much smaller molecular weight than 
nitrobenzene. Even if an organic substance has a vapour pressure of only 10 
mm at the temperature of steam distillation, the process can still be earned 

out fairly rapidly and satisfactorily. 

Thus the same end is reached by steam distillation as by distillation under 

reduced pressure, namely, that the substance is distilled over at a tempera¬ 
ture lower than the boiling point of the substance at ordinary pressure. This 
method of distillation can also be carried out as a fractional distillation. 

8. Extraction. The separation of liquids, which do not tntx, is brought 
about by means of a separating funnel (Fig. n), which also serves for the 
extraction of aqueous solutions. T he aqueous solution is introduced along 
with a volatile liquid, which does not mix with water, such as ether, petroleum 
ether, chloroform, carbon disulphide, etc. in a separating funnel and shaken 
vigorously. The substance dissolved in water then passes partially into the 
organic liquid e.g. ether. The two liquid layers are then separated. Since 
some water also dissolves in the ether, the ethereal liquid is freed from the 
dissolved water (dried) by means of calcium chloride or another dehydrating 
agent; the required substance remains behind after distilling off the ether. 
This extraction will quickly lead to the desired result if the substance to 
be isolated is much more soluble in the organic solvent used than in water; 
practically all the substance can be extracted from the water by a few 
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successive extractions. On the other hand if the substance is more soluble 
in water, then even after several extractions considerable 
quantities still remain behind in the aqueous liquid. Q 

It two immiscible liquids arc in contact with a substance, which is 
soluble in both, this substance will divide itself between the two sol- f \ 

vents, in such a way that the ratio between the concentrations of the L _ — —) 
substance in the respective solvents will be a constant value (Ber- =: ~irf=y 

thelot's partition rule). 

If a solution of x 0 grams of substance dissolved in a grams of 
solvent (water) is shaken with b grams of a second solvent (ether), 
then a quantity x x of dissolved substance will remain behind in the 
first solvent (water), while a quantity x 0 — x, will pass over into the 
second solvent. Now according to the partition rule, the following 

X X _ 1/ 

equation holds: ~ = k • - 0 ^ in which the partition coefficient k 


» >4 A 


Fig. 11. 

represents the constant ratio between the concentrations in the two Separating 

solvents. From this follows: x x = x 0 ^ ^) {a - x i * s thus the quantity funnel 

remaining behind in a grams of solvent after one extraction; after two successive 
extractions of these a grams with b grams of the second solvent, there remains 

in the first solvent: x z = x 0 (- —\ and after n extractions x n = (-—— 7— \ . 

\b + ka) b \t> + ka) 

If one extracts n times, each time with — grams of the second solvent, then after 
the nth time there remains in the original solvent: 


Xn = 


n 


— x. 


b 

ank 


+ 1 


The useful effect, which can be obtained by extraction, is greatly dependent on 
the value of the partition cofficient. 

Calculation shows, that it is more efficient to extract the aqueous solution repeatedly 
with small portions of the second solvent, than to use the whole quantity of the second 
solvent at one time. This is clearly apparent from Table 4 (Spiers), in which the value 


is given of 


for different values of h, each time with different values of 


-— O — I t) I J w • uiuvo v* | vuvia viiuv u ivu uiuvtvut taiuco Vi 

+ V 

a, b and n. 

A few examples will clarify this table. The partition coefficient of nitrobcnzoic acid 
between water and ether is 0.1, i.e. if the concentration of a solution of nitrobenzoic 
acid in water is represented as 1, the concentration of the solution of nitrobenzoic 
acid in ether, which is in equilibrium with the first solution, equals 10. 

If 100 grams of a solution of nitrobenzoic acid in water is extracted 4 times, each 

time with — grams of ether (a = 100, b = 25, n = 4) 0.143 of the original quantity 

4 

of nitrobenzoic acid will remain behind in the aqueous solution. If 100 grams of the 

aqueous solution are extracted 4 times, each time with grams of ether, then 

4 
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TABLE 4 

efficiency of extraction 


n = 4 


0.1 0.143 

0.5 0.024 


1 

9 

— 

10 


0.785 

0.884 

0.975 


10 


= 1/4 a 

b = a 

<5 

II 


n = 8 

n = </> 

n = 4 

v = 8 

— 

n — ^ 

n = 4 

n = 8 | 

n = </> 

0.114 

0.610 

0.782 

0.883 

0.975 

0.082 ' 

0.607 

0.779 

0.882 

0.975 

0.0067 

0.198 

0.410 

0.624 

0.906 

0.0015 

0.168 

0.390 

0.616 

0.905 

4.5*10- 5 

0.135 

0.368 

0.606 

0.905 

7 x 10 s 
0.012 
0.062 
0.198 
0.683 

6 x 10- 7 
0.0039 
0.039 
0.168 
0.677 

4 x 10- 18 

0.00034 

0.018 

0.135 

0.670 

■-:- 

b = 20a 


n = 4 

n = 8 

n = </> 



0.198 

0.168 

0.135 


The partition coefficient of lactic acid 1 i^should 

:r q r lit -rs * ^:rr u rr; - - r ryr 

Err; r-p T l 

whole quantity ol the second solvent i.i one operation, or in a large number withs a 
Quantities at 1 time. In such cases, a continuous process is employed, in which the 
ether for example, is allowed to bubble through the aqueous solution to be extracted 
The ethereal solution is distilled, when the extracted material remains behind and 
the ether, which distils off. is again led through the liquid being extracted (perforation) 
In table 5 arc given for a few substances, the experimentally determined values for 
the partition coefficients between water and a second solvent. 


9 . Separation of crystalline substances by fractional crystallisation. This 
method of separation depends on differences in solubility. The mixture is 
dissolved in the least possible quantity of a solvent at its boiling point 
and allowed to cool; the component having the lowest solubility at the 
temperature to which the mixture is cooled, crystallises out first. From the 
mother liquors, which are separated by filtering off the crystals, a crystalline 
fraction separates on further cooling or after concentration by evaporation, 
which consists mainly of the more soluble component. By repeating this 
treatment a few times, the components of the mixture are finally separated 
from one another. For the successful application of this method it is necessary 
that the solubility of the substances under investigation, increases sufficiently 
as the temperature is increased and, that the solubilities of the different 
components in the chosen solvent diverge sufficiently. 
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TABLE 5 


PARTITION COEFFICIENTS 



Partition coefficient between water and 


ether 

petroleum 

ether 

benzene 

chloroform 

methyl 

ethyl 

ketone 

Acetic acid 

2.1 (25°) 

200 

28 (25°) 

15 (25°) 

0.9 (25°) 

n-Butyric acid 

0.16 (25°) 

9 

0.18 

0.8 (25°) 

0.03 (25°) 

n-Valeric acid 

0.04 (22°) 

10.2 



O 

O 

C'l 

< 

• 

O 

M-Caproic acid 

0.01 (23°) 

0.2 

0.08 

0.03 (25°) 


Oxalic acid 

9 (15°) 





Succinic acid 

6 (15°) 





Lactic acid 

11 (27°) 





Tartaric acid 

250 <27°) 





Benzoic acid 

0.014 

1.0 ( 20 °) 


0.08 


Salicylic acid 

0.004 (15°) 


0.4 (25°) 

0.3 (25°) 


Phenol 



0.5 (25°) 

0.3 (25°) 


Picric acid 

0.5 

> 1 

0.5 (20°) 

0.3 (25°) 


m-Nitrobenzoic acid 

0.1 


0.4 (20°) 

0.06 


Methylamine 

> 1 


25 (25°) 

12 


Trimetliylamine 

2.4 (20°) 


2.0 




Separation by fractional crystallisation is impossible, if the components 
of the mixture form mixed crystals, since in this case the crystals which 
separate are composed of both components. 

(U) CHARACTERISTICS OF PURITY AND THE IDENTIFICATION OF ORGANIC 

COMPOUNDS BY MEANS OF PHYSICAL CONSTANTS 

10 . In principle the determination of any physical constant can serve as 
a characteristic for the purity of a chemical compound. The physical con¬ 
stants which come into consideration for this purpose are, for example, 
the melting point, the boiling point, with liquids the specific gravity and 
the refractive index, the optical rotatory power (of optically active sub¬ 
stances). Determination of the crystalline form may also be of considerable 
help in identifying a substance. 

The determination of the melting point has great practical significance. 
A mixture of two (or more) substances does not melt at one temperature, 
but the melting takes place over a temperature range; the temperature at 
which everything is melted, usually lies lower than the melting temperature 
of either of the substances separately. An exception to this rule can occur 
only with substances which form a continuous series of mixed crystals. 
Hence, if a substance is recrystallised—preferably from different solvents— 
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until the melting point no longer changes on repeating the process, it may 
, w, vith a hmh degree of probability, that the preparation consists 

A nml R separately, these substances are identical. 

On this fact depends the mixed melting point test which is very frequently 
used to decide whether two crystalline preparations, which are expected 
to consist of the same chemical compound, are actually identical. 

r i • nnints " 111(1 drawing conclusions from them, account has to 

be take.flbo^f the possibility of polymorphism, by which is understood, that the 
s^me chemical compound can occur in different crystalline mod.ficat.ons showing 
different melting points. A number of examples of such d.morphous substances are 

already known among organic compounds. 

In the practice of organic-chemical research it is in many cases^ sufficient 
to determine the melting point with an accuracy of 0.5 to i.o° C. 10-20 
Milligrams of the substance are introduced into a narrow, thin-walled, glass 
tube, scaled at one end, which is then fixed to a thermometer by means of 
a small rubber ring, in such a way that the substance is situated at the 
same height as the mercury reservoir. The thermometer is then placed in 
a high-boiling liquid (paraffin oil); the melting point apparatus is set up 
in such a way that the temperature of the liquid surrounding the thermo¬ 
meter slowly and regularly rises. 1 he temperature is read off at the moment 
when the crystals melt. Sometimes, it is preferable to determine the setting 
point instead of the melting point. The test is then carried out with a few 
grams of substance; the thermometer is placed in the molten substance. 

The determination of the boiling point is usually carried out in a fractiona¬ 
ting flask, from which the liquid is at the same time distilled. It also applies 
here, that a mixture docs not boil at one definite temperature, but within 
a range of temperatures. Now, however, the temperature at which the mix¬ 
ture begins to boil, may be either higher or lower than the boiling point 
of the pure substance, according to whether the impurity boils higher or 
lower; this is clearly apparent from a consideration of the boiling-points 
curve (see p. 24). A boiling point is not so easily determined with an 
accuracy of o.i° as a melting point or a setting point, partly on account 
of the effect of atmospheric pressure. With liquids the determination of 
the specific gravity and of the refractive index can be a very good criterion 
of the purity. 


11. Specific gravity. The specific gravity of organic liquids alters consider¬ 
ably with the temperature, since the coefficient of expansion of organic 
liquids is nearly always much greater than that of water. The specific gravity 
is usually measured with a pycnometer, (cf. Fig. 12). 
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The specific gravity (or density) of an organic compound, depends on 
the number and the kind of atoms in the molecule, and also on the arrange¬ 
ment of these atoms, i.e. on the chemical structure. When the molecular 
weight of a compound is divided by the density 
then the value obtained is the volume occupied by 
a mole of the substance at the temperature at which 
the density is carried out. This quantity is called 
the molecular volume. The molecular volumes calcu¬ 
lated in this way, however, are proportional to the 
actual volumes of the molecules only to a first 
approximation in accordance with the molecular 
theory of liquids. 

12. Refractive index and molecular refraction. The 
refractive index n is dependent on the wave-length 
of the light; in accurate measurements, therefore, 
the value of n is determined for a definite wave-length, 
e.g. for the D-line of the sodium spectrum, or for the Ha-, H( 3 - and Hy-lines 
of the hydrogen spectrum or for certain lines in the helium spectrum 
(Pulfrich and Eykman refractometers). The refractive index is also 
dependent on the temperature, so that this must be accurately determined 
during the measurement. If the greatest accuracy is not required the 
refractive index for the D-line can be determined with the Abbe refracto- 
meter. The determination of the refractive index is frequently used as a 
criterion for the purity of a liquid compound, because the value found is 
clearly influenced by small quantities of other substances which may occur 
in the preparation. Also mixtures of two substances can be analysed by 
means of the refractive index, if the values for the pure components are 
known. 

On theoretical grounds H. A. Lorentz has demonstrated that the expres- 
n 2 — 11 

S10n w 2 2 ’ w “ ere n represents the refractive index and d the density, 
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Eykman pycnometer 


must be independent of the temperature. When this expression is multiplied 
by the molecular weight M of the compound under investigation, the 


product 


n 


1 M 


n 2 -f 2 d 


is called the molecular refraction. 


From a great many investigations (Bruhl, Eykman, Auwers, et al.) 
it appears, that not only does the molecular refraction depend on the 
number and the kind of the atoms in the molecule, but is dependent also 
on the arrangement of these atoms, i.e. on the structure of the molecule. 
The difference in the molecular refractions for different wave-lengths is 
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called the molecular dispersion ; this quantity also is connected with chemical 

St Accurate observations have taught, that the values of the molecular 
refraction, calculated by the Lorentz formula, are not quite independent 
of the temperature, which must be ascribed to the fact that the suppositions 

on which the formula is based, are not strictly valid. . . , 

From a large number of observations Eykman has derived an empirical 

eauation which satisfies the requirement of independence of the temperature 

1 n 2 — i M 

more satisfactorily than the formula of Lorentz, namely: — 

The value calculated by this equation is not therefore identical with the 
molecular refraction but has the significance of an empirical constant. 


13. Rotation of the plane of polarisation. When polarised light is passed 
through a layer of turpentine or of a sugar solution, it is observed, that 
the direction of vibration of the emergent beam is altered with regard to 
that of the incident beam; the liquid has the property of bringing about a 
rotation of the plane of polarisation. A large number of organic compounds 
is known, which cither in the liquid or in the dissolved state, cause a rotation 
of the plane of polarisation; this phenomenon was discovered by Biot (1815). 
The substances are said to be optically active. Examples of optically active 
compounds are, for example, cane sugar, glucose, menthol, quinine, camphor. 

It will appear later, that this property is of fundamental importance for 
information regarding the structure of organic compounds (37)- The optical 
activity is also used for analytical purposes. 

The rotation of the plane of polarisation is measured in a polarimeter , 
in which a beam of polarised light passes through a tube of accurately known 
length (usually 100 or 200 mm), containing the solution of the optically 
active substance or the pure compound if a liquid. The angle, through which 
the plane of polarisation is rotated, is dependent on the nature of the 
optically active substance, on the wave-length of the light, and is directly 
proportional to the thickness of the liquid layer traversed by the polarised 
light. At the same time this angle is usually slightly dependent on the 
temperature, but this need only to be taken into account in very accurate 
measurements. The rotation of the plane of polarisation is therefore deter¬ 
mined for light of a definite wave-length, usually for sodium light (D-line). 
1 he rotation produced by any particular substance in a tube of given length, 
i.e. the angle, read off directly on the instrument, is designated by a. It has 
been agreed, that by the term specific rotation shall be understood the 
angle a, divided by the length l of the tube containing the liquid (measured 
in decimeters) and divided by the specific gravity of the liquid d. This 
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specific rotation is designated by [a]. The wave-length of light for which a 
is determined is given by a letter (thus usually D). One has therefore 



With solutions of an optically active substance the rotation is dependent 
also on the nature of the solvent and on the concentration of the solution; 
the amount of the rotation is not always proportional to the concentration 
of the optically active substance (abnormal rotation). If a solution contains 
p grams of optically active substance in ioo grams of solution and cl is 
the specific gravity of the solution, the specific rotation of the dissolved 


substance is represented by [a D ] = 


a D -100 

P'l'd 


Absorption spectra. When a beam of white light passes through a liquid, which 
absorbs light of definite wave-lengths, the spectrum of the emergent light shows dark 
bands, called absorption bands, which correspond with the wave-lengths of the 
absorbed light. The liquid is then coloured. 

ith many substances, which are colourless and therefore show no selective absorp¬ 
tion in the visible part of the spectrum, selective absorption occurs in the ultra-violet 
part of the spectrum. The wave-length of the light is expressed in Angstrom units, 
which are denoted by the sign A; the micron is also used as a unit. The Angstrom 
unit = io~® cm., the micron (n) = io-* cm. The wave-length of visible light lies 
between about 8 ooo and 4000 A, that of ultra-violet light between 4000 and 1000 A. 

The determination of absorption spectra in the visible region and in the ultra¬ 
violet is frequently of importance for the identification of compounds, for testing a 
proposed structural formula or for investigations on tautomerism. For these deter¬ 
minations the substance under investigation is dissolved in a solvent, which itself 
shows no specific absorption in the region to be examined. 

Absorption spectrum in the ultra-violet. In this case w-hexane or w-heptane, which 
show' practically no absorption in the ultra-violet, or ethanol, which shows only a 
slight absorption, are used as solvents. It is essential to carry out the measurements 
with very dilute solutions to ensure that the mutual interaction betw r een the molecules 
of the dissolved substance is as small as possible, since this interaction influences the 
absorption spectrum. Many qualitative data became known from the original investiga¬ 
tions on the ultra-violet absorption spectra of liquids carried out by Hartley round 
about 1S80. Later, various investigators, like Bailey, Victor Henri, Scheire, 
improved the technique and made it suitable for quantitative measurements. The 
absorption is proportional to the number of absorbing molecules, which the beam 
of light encounters in its path, hence with the concentration c of the solution (in 
moles per litre), and with the thickness d of the layer of liquid (Beer’s Law). 


The extinction coefficient e is defined as e = 



in which I 0 and I represent the 


intensity of the incident and the emergent light, respectively. 

As a light source in these measurements may be used either an electric arc between 
iron electrodes, which gives a spectrum rich in lines in the ultra-violet or a hydrogen 
discharge tube, W'hich gives a continuous spectrum in the ultra-violet. With a spectro¬ 
graph fitted with quartz lenses and prism, it is possible to obtain spectra in the region 
holleman-wibaut. Organic chemistry. 
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The intensity I of a ray of hght. which which has traversed the 

intensity I„ of a similar ray = thickness of the layer of the solvent and that ot 
pure solvent, are determined the * hich ' are sct out „ ordinates against 

the solution must be identical. The values of e. calculated from 

z rss£^£ ^ ^ ^ on e 

“"A? absent mu'band is characterised by the values of c and X of a maximum in 
the extinction curve. If. on the absorption of light, one electron were to be raised 
to a higher energy level only, then only one particular wave-length in the visible or 
idtra-violet spectrum should be absorbed and an absorption line should be observed. 
A more or less broad absorption band is observed, however, because part of the 
incident light-energy is converted into vibrational and rotational energy. 

Since the ultra-violet absorption spectrum represents the result of the absorption 
of light-energy on account of electron displacements, vibrations and rotations together, 
this spectrum is characteristic of the molecule as a whole. By comparing the extinction 
curves of a number of different compounds, all of which contain a characteristic group, 
in some cases a definite absorption band can be ascribed to a particular group of 

Selective absorption in the ultra-violet js not observed in completely saturated 
compounds such as the alkanes, but it docs occur with unsaturated hydrocarbons, 
aldehydes and ketones, carboxylic acids, nitriles, etc. 

All organic compounds show selective absorption in the infra-red part of the spec¬ 
trum extending from 0.8 to 20 microns. From infra-red absorption spectra it is possible 
to derive the frequencies of vibration (oscillation of two atomic nuclei in the direction 
of their bond of union) and of rotation (in a bi-atomic molecule the rotation about an 
axis at right angles to the bond of union between the atoms). Rotational and vibra¬ 
tional frequencies provide data on the positions of the atomic nuclei in a molecule 


and their mutual distances. 

Ratnan-effect. When a beam of monochromatic light passes through a liquid a small 
proportion of the light is scattered in a direction perpendicular to the direction of the 
incident beam. In the spectrum of this scattered light one observes not only the lines 
of the incident light, but also weak lines on cither side of the lines expected (Raman 
1928 ). The difference in the wave number between the incident and the scattered 
light, the Raman frequency, Av, is expressed in reciprocal wave-lengths (i/X), i.e. 
the number of waves per cm. From the magnitude of Av it can be deduced that 
these frequencies correspond to vibrational transitions, (cf. 37, p. 70). 


14. Heat of combustion. A knowledge of the heat of combustion of organic 
substances is of importance both from a theoretical point of view and for 
practical purposes (heating value of fuels). 

By molecular heal of combustion is meant the quantity of heat, measured 
in kilogram-calories, which is set free when a gram-molecule of the substance 
is burnt to carbon dioxide and water (with nitrogenous compounds free 
nitrogen is also produced). The heat of combustion is known for a large 
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number of organic compounds from the older investigations of J. Thomsen, 
Berthe lot, Stohmann and from the newer, more accurate, measurements 
of Roth, Richards, \ erkade. Coops and Rossini. 1 lie determination 
is carried out by a method devised by Berthelot and Yieille, in which 
the substance under investigation is burnt in compressed oxygen in a steel 
cylinder (Berthelot bomb). The bomb is placed in a calorimeter; by taking 
into account the necessary precautions and corrections, the heat of combus¬ 
tion can be calculated from the rise in temperature of the water in the 
calorimeter, if the water value of the apparatus is known. In order to deter¬ 
mine this quantity use is frequently made of “calibration substances", for 
which the heat of combustion is accurately known. For example, benzoic 
acid, the heat of combustion of which is 6315 gram-calories per gram, serves 
as a calibration substance. 

From the molecular heat of combustion of a substance it is possible to 
calculate the heat of formation, i.e. the amount of heat, which should be 
set free (with exothermic compounds) or which should be added (with 
endothermic compounds), if the compound were produced from the ele¬ 
ments. An example will make this clear. 

The heat of combustion of carbon—in the form of graphite—amounts 

to 94.03 keal. (per gram-atom) that of hydrogen 68.35 keal. and that of 
methane 213 keal. 


C graphite + O ,—> CO, + 94.03 keal. 

2 H 2 4 - 0 2 —> 2 H 2 0 liquid -f 2 x 68.35 keal. 

CH 4 T : 0 , —> 2lI z O liquid 4- CO, gas + 213 keal. 

from which it follows from Hess's law, that 

C graphite + 2H,—>- C H 4 4 - 17-7 keal. 

From a knowledge of the heats of combustion it is also possible to calculate 
the heat effect of a chemical reaction; a direct determination is impossible 
in most organic reactions because of their slow rate. 



CHAPTER 5 


THE MAIN DIVISIONS OF ORGANIC CHEMISTRY 


15. This book gives a survey of the most important groups of carbon 
compounds. These carbon compounds are divided into two main classes. 
This division is based on a theoretical concept, namely the peculiarity m 
the structure of the molecules. Into the first class are collected those com¬ 
pounds, in which an open chain of atoms must be assumed to be present 
in the molecule; these carry the name of aliphatic compounds (or fatty bodies. 
Part One of this book). This name was introduced by A. W. von Hofmann 
because the animal and vegetable fats belong to this main class (aXei ? ap, 


The second main class contains those compounds, in which a closed chain 
of atoms must be assumed to be present in the molecule; these are therefore 
referred to as cyclic compounds (xuxXoa, circle). They have been subdivided 
into Carbocyclic compounds (the closed chains consisting of C-atoms only, 
Part Two of this book) and Heterocyclic compounds (the closed chains 
containing also atoms other than carbon. Part Three of this book). 

The significance of these concepts of “open” or “closed chains of atoms” 
will be explained later. 



PART ONE 
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THE SERIES OF SATURATED HYDROCARBONS OR 

ALKANES 

16. The first member of this series is methane , CH 4 , which may be regarded 
as the parent from which all aliphatic compounds are derived. Then follow 
ethane C 2 H 6 , propane C 3 H 8 , butane C 4 H 10 , pentane C 5 H 12 , hexane C 6 H 14 , etc., 
pentatriacontane C 35 H 72 , hexacontane, C co H 122 . These formulae can be 
summarised in the general expression C n H 2n +2. 

Nomenclature. The hydrocarbons C n H 2n+2 are denoted by the termination 
“ane”. The first four terms have special names, the remainder are named 
after the Greek or Latin numeral expressing the number of carbon atoms 
in the particular compound. Thus C 8 H 18 is called octane, C 12 H 26 dodecane, 
C 31 H 64 hentriacontane, etc. The general name for this group of hydrocarbons 
is the alkanes. They are spoken of as saturated hydrocarbons because these 
compounds are saturated with regard to hydrogen, i.e. they can no longer 
take up hydrogen atoms into their molecules. They are also called paraffins, 
derived from parum affinis (literally: but slightly responsive, i.e. in chemical 
reactions). 

Frequently it is necessary to denote atomic groupings of the composition 
C n H 2n + I . The general name for this is alkyl group, the particular name 
being derived by altering the termination ane of the appropriate hydrocarbon 
to yl\ CH 3 is called methyl, C 2 H 5 ethyl, C 3 H 7 propyl, C 4 H 9 butyl, C 12 H 25 
dodecyl, etc. 

Methods of formation of methane. This gas is produced by direct synthesis 
from its elements, namely, by leading hydrogen over pure carbon at 
1000-1200 0 C. Only a little methane is formed at these temperatures, since 
the equilibrium concentrations of the reaction 

C + 2 Hg 7^ CH 4 + 1 7-7 kcal 

lie at o.6 % CH 4 at noo° and at i.i % CH 4 at iooo° (Bone, Coward). 
At lower temperatures the reaction can be brought about by making use 
of the catalytic action of finely divided nickel. When hydrogen is passed 
over finely divided nickel covered with a thin layer of finely divided carbon 
at 55 °°> the exit gas contains 41 % of methane when equilibrium is reached 
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x TV. action of finely divided nickel in reactions, in 

which gaseous hydrogen has a reducing action, was discovered by Sabatier 
ndtcvDEPEVS These investigators found that carbon monoxide andcarbon 
dioxide could be easily reduced by gaseous hydrogen at 250° and 300 , 
respectively, to methane, if the gaseous mixture were passed over finely 
divided nickel (obtained from the oxide by reduction). 

co + 3ih^ CH i + H '-° + 597 kcaK; 


r n. 4- a H 


ru. a- 4 - 60.4 kcal 


For the preparation of methane in the laboratory, use is made of the 
decomposition of aluminium carbide by water: 

CjAl t + 12H.O—>3CH 4 + 4 Al(OH) 3 . 

Methane made in this way is impure. For another method of preparation 

see 53 and 54. ....... 

Methane is produced also by the thermal decomposition of coal (carboni¬ 
sation); hence coal-gas contains 20-30 % of this hydrocarbon. 

17. Physical and chemical properties of methane. It is an odourless and 
colourless gas; spec. grav. 0.559 (air = 1), critical pressure 55 atmospheres, 
critical temperature —82°, boiling point —162°, melting point 183 . It 
is very slightly soluble in water and rather more soluble in alcohol. Methane 
is unstable at temperatures above 1200°: it is decomposed into carbon and 
hydrogen by an electric arc or by induction sparks. It bums with a slightly 
luminous flame. Mixtures of methane with air or oxygen are explosive if 
the ratio between methane and air (oxygen) lies within certain limits (fire 
damp explosions). Chlorine or bromine react with methane; the hydrogen 
atoms are then replaced by chlorine or bromine, respectively, and hydrogen 
halide is produced at the same time: 


ch 4 + ci t —>- ch s ci + HCl. 

Replacement of one atom by another is termed substitution. If chlorine or 
bromine is present in excess, then a mixture of substitution products, viz. 
CH3CI, CH 2 C 1 2 , CHCI3 and CC 1 4 , is produced. CC 1 4 or CBr 4 , however, is the 
final product. 

Preparation of homologues of methane. These may be prepared by treating 
alkyl iodides or alkyl bromides in ethereal solution with sodium (A. WURTZ, 

1855): 

2C t H 6 I + 2Na—>“C4H 10 + 2NaI. 
ethyl iodide butane 


Propane could be prepared by this synthesis as follows: 

CH,I + C,H,I + 2Na—>C,H S + aNal. 
methyl iodide ethyl iodide propane 
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In this reaction 2 molecules of CH 3 I will react with sodium with the 
formation of ethane, while butane will be produced from 2 molecules of 
C 2 H 5 I. In general, three different alkanes are produced in the Wurtz 
reaction when two different alkyl iodides or bromides are used (for other 
syntheses of alkanes see 53, 54 and 39). 

In principle, the homologues of methane can be prepared from this 
hydrocarbon by reacting it with bromine, preparing ethane from the methyl 
bromide so obtained, converting this to ethyl bromide, and so on. 

Probably a molecule of sodium alkyl (53) is first formed in the Wurtz synthesis, 
which then reacts rapidly with another molecule of alkyl iodide: 

C 2 H 5 I + 2Na —>C,H t Na + Nal 
C 2 H 6 I + C,H 5 Na—>C 4 H 10 + Nal. 

When lithium is used instead of sodium, in some cases a lithium alkyl, for example, 
CH 3 Li, can be isolated, since this compound reacts less rapidly with an alkyl iodide 
than does a sodium alkyl. This is strong support for the opinion mentioned above. 

Besides the longer chained higher allcanes, in many cases there are produced as 
by-products in the Wurtz synthesis, alkanes and alkenes containing the same number 
of carbon atoms as the alkyl iodides used as starting materials. Thus butene and 
butane are also formed in the preparation of n -octane from n-butyl bromide. This 
must probably be explained by the intermediate production of the free radical (89) 
butyl from butyl iodide and sodium, which is then converted into butene and butane: 

C 4 H 0 Br + Na—>C 4 H 9 -f NaBr 
2 C 4 H 9 —>C 4 H e + C 4 H 10 . 

18. Homologous series. When the members of the series of saturated 
hydrocarbons are considered, it is seen that the difference in composition 
between any two compounds is represented by a multiple of the group CH 2 . 
Ihese hydrocarbons show a great similarity in chemical properties. 

Many groups of organic compounds are known in which the composition 
differs only in respect of the number of CH 2 groups in the molecule, and 
which show great similarity in chemical properties. Such compounds are 
said to be homologous (from op.oXoYocr-corresponding); such a group is 
called a homologous series. 

The principle of homology greatly simplifies the study of organic chem¬ 
istry. The general chemical properties, which are essentially identical for 
all terms of the homologous series, can then be learned, instead of the pro¬ 
perties of each compound separately. If the chemical properties of a number 
of the members of a series are known, it is even possible to forecast the 
most important properties of the other members of the series with certainty. 
Besides the general properties, each compound still has its individual chem¬ 
ical properties which will be mentioned in this text-book only if there is 
some particular reason for doing so. The physical properties of the members 
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of a homologous series gradually alter as the number of carbon atoms 

—->• 

I9 . — f 

formula C H. 0 "Two"‘hydrocarbons, both having the molecular formula 

£ H namely butane boiling at o.6» and isobutane or 2-methylpropane with 
c ,1-1,0. namely known, however. Similarly, three hydro¬ 

carbonsofformula C 5 H 12 are known and five of formula C 6 H 14 . The number 
of hydrocarbons, having the same molecular formula, increases rapidly the 

higher one rises in the homologous series. 

This phenomenon of different compounds having the same molecular 

weight and the same percentage composition, is called isomerism. Such com¬ 
pounds are termed isomers, derived from taoo: equal and pepo?. part. 

Berzelius). 

The first example of isomerism was discovered in 1823. when Gay Lussac and 
about the same time, Lif.big and Wohler analysed the silver salts of fulmime and 
isocyanic acids and found the same composition for these substances notwithstanding 
that their properties were very different. Silver fulminate is explosive but silver 

isocyanate is stable. (Cf. 155 and 157)- 


Theory of structure. The phenomenon of isomerism was explained by a 
theory put forward in principle round about i860 by Couper and by 
Kekule and later developed further by various investigators. In this 
theory of chemical structure a definite, unalterable arrangement is allotted 
to the atoms in the molecule of an organic compound. If the arrangement 
of the atoms in a molecule continually changes there can be no question of 
isomerism. It is impossible to see how the four atoms of carbon and the 
ten atoms of hydrogen in butane, for example, can give rise to two different 
substances, if the arrangement of these 14 atoms is not fixed, or what 
amounts to the same thing, if every arrangement is possible and all these 
configurations very rapidly pass over into one another by each atom being 
able to take up another position. Indeed, considering the very large number 
of molecules involved in every chemical experiment, then in any particular 
quantity of butane at any particular moment and under all conditions, 
all possible arrangements would occur and all these configurations would 
be present, always in unchanging quantities. In order to explain the phen¬ 
omenon of isomerism it is necessary to assume that the atoms in com¬ 
plicated molecules can be arranged only in a limited number of quite definite 
ways, and that these configurations are not interconvertible under the 
conditions of the experiment. The difference in properties between isomeric 
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compounds can then be reduced to a difference in the arrangement of the 
same number of atoms. 

This idea was already discussed by various investigators in the first half 
of the igth century, but could only be developed when the idea of valency 
or combining power had assumed a definite form. 

Tetravalcncy of carbon. In by far the greater majority of carbon compounds 
carbon behaves as a tetravalent element. This is apparent from the compo¬ 
sition of a number of compounds containing only one carbon atom, such 
as CH 4 , CC 1 4 , CBr 4 and CO.,. Investigation of more complicated carbon 
compounds has shown that in almost all of these compounds the carbon 
atoms are also tetravalent. One substance is known in which carbon is 
definitely bivalent, namely, the simplest carbon compound, carbon mon¬ 
oxide, and a few more complicated compounds in which one of the carbon 
atoms is considered to be bivalent, are also known (see 56). Compounds 
have also been discovered in which carbon is trivalent, but these substances 
have peculiar properties, as will appear later (see 89). 

On the other hand, substances have never been found in which a higher 
valency than four must be ascribed to the carbon atom. 

The idea that carbon is tetravalent occurred about the middle of the 
last century to various investigators: Frankland, Kolbe, Couper, Kekule, 
and the last named especially took the tetravalcncy of carbon as the starting 
point for the classification of organic compounds. 

The arrangement of the atoms in the methane molecule can be represented 
by the annexed figure, each of the four valencies of the car¬ 
bon atom—shown by a short straight line—being attached to 
one monovalent hydrogen atom. The hydrogen atoms cannot 
be mutually connected because each of the hydrogen atoms is 
provided with only one valency which is already joined with 
one of the valency bonds of the carbon atom. If a hydrogen atom in 

methane is substituted by a chlorine atom, chloromethane is 
produced. Only one compound is known with the formula CH 3 C 1 , 
which is in agreement with there being one tetravalent carbon 
atom, one monovalent chlorine atom and three monovalent 
hydrogen atoms, which can be arranged in the molecule in 
one way only. 

Similarly, only one compound is known with the composition CH 3 Br and 
only one CH 3 I. In the synthesis of ethane by the method of Wurtz (17) 
the iodine atom in methyl iodide is replaced by the group CH 3 , which 
originates in a second molecule of methyl iodide. The arrangement of the 
atoms in a molecule of ethane must therefore be represented by two CH 3 
groups joined together by a bond between the two carbon atoms (formula I). 


ci 

PI—C—H 


H 

cliloro- 

nuthanc 


H 

I 

II—C—H 
H 
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Tust as only one halogenomethane is known, only one mono-halogenated 
irivativ” of ethane is known. Indeed for a substance with the formula 
C.H.X (X is halogen) only one arrangement (II) of the atoms m the molecule 

is possible. 


H H 

H—C—C—H 


H— 


H H 

I 



H H H 

I I I 

H—C—C—C—H 

I I I 

H H H 
III 


If sodium is allowed to react on a mixture of iodoethane and rodomethane, 
propane is produced; the molecule of this substance must therefore be 
represented by figure III or more briefly by: H 3 CCH 2 CH 3 . Now the substi¬ 
tution of a hydrogen atom by a halogen atom in propane may be considered 
as taking place in two different ways. The halogen atom may be attached 
to cither one of the terminal carbon atoms (IV) or to the middle carbon 

atom in the propane molecule (V): 


CHjCHjCIEX 

iv 


CHjCHXCHj 

V 


The arrangement of the atoms is different in the two figures; it is impossible 
to work out a third arrangement for a compound of formula C 3 H 7 X. Thus 
if the isomerism is caused by a difference in the arrangement of the atoms 
in the molecule, two and not more than two isomeric compounds of the formula 
C 3 H 7 C 1 , and likewise two and not more than two substances C 3 H 7 Br, etc., 
can exist. This conclusion is in agreement with the facts. The compound 
CH 3 CH 2 CH 2 I is named i-iodopropane or n -propyl iodide, the compound 
CH 3 CHICH 3 is 2-iodopropane or iso propyl iodide. The structures of i-iodo- 
propane and 2-iodopropane are deduced from their relationship with 
tt-propyl alcohol and isopropyl alcohol, respectively. (Cf. 28 and 33). 

We will now consider an example of how the structure of isomeric hydro¬ 
carbons from the series of alkanes can be determined. Amongst the five 
known hexanes is one which boils at 69° and another with a boiling point 

of 58°. 

The former substance is obtained by allowing sodium to react with normal 
propyl iodide, CH 3 CH 2 CH 2 I. Hence the structure VI must be ascribed to 
the hexane boiling at 69°. 

C H,C H,C H,C H,C H,C H, 

VI 


The hexane with the boiling point of 58° is formed by the action of sodium 
on isopropyl iodide, CH 3 CHICH 3 . H c 

On these grounds the hexane is given the structure VII. 3 H— 

Thus in this reasoning it is assumed that both the H » Cx/ 


/CH, 

CH 

\CH, 


VII 
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arrangement in the propyl group, CH 3 —CH 2 —CH 2 —, present in the normal 

CHj\ 

propyl iodide, and the arrangement in the isopropyl group, ch- from 

C 1 

the isopropyl iodide, remain intact in the formation of the above-mentioned 
hexanes. 

A priori it would not be inconceivable that in the action of sodium on 
propyl iodide or isopropyl iodide, not only is the bond between carbon and 
iodine broken but at the same time a rearrangement of the atoms occurred 
in the rest of the molecule, so that the same hexane might be obtained 
from either of the propyl iodides. Thus, for example, the isopropyl group 
would then be transformed into a n-propyl group. For this transformation 
to occur it would be necessary for a bond between a hydrogen atom and 
a terminal carbon atom to be broken and a bond between a middle carbon 
atom and a hydrogen atom to be formed. 

The formation of hexane from isopropyl iodide would then be less simple 
than that from normal propyl iodide, since in the former case, besides the 
bond between the carbon and the iodine atom a bond between the carbon 
and the hydrogen atom must also be broken and a new bond between C 
and H must be produced. The hypothesis lying at the basis of all determinations 
of structure is now this, that in the reactions under consideration the number of 
atom bonds which are broken is as small as possible. The correctness of this 
hypothesis can only be apparent in an indirect way, namely, in that no 
experimental facts have yet been found which are at variance with the 
assumption made. Therefore, where possible, attempts will be made to derive 
the structure of a particular compound by different syntheses or reactions. 

20. Carbon chains. In the foregoing paragraphs it is explained, that in a 
molecule of propane an arrangement of three carbon atoms joined with 
one another, must be assumed, while in a molecule of hexane a series of six 
carbon atoms joined with each other occurs. Such groupings of mutually 
connected carbon atoms are called carbon chains. Compounds are now 
known containing in their molecules a large number of carbon atoms joined 
in a chain. A hydrocarbon of the formula C 62 H 126 (dohexacontane), for 
example, is known in which a chain of sixty two carbon atoms occurs. 
Such alkanes with a large number of carbon atoms are stable compounds 
at ordinary temperature. The property of forming chains of atoms is charac¬ 
teristic of carbon atoms; this property is absent or present in a much lesser 
degree in atoms of other elements. Experience has shown that a bond 
between two carbon atoms is difficult to break; this is especially so for the 
carbon bonds in saturated hydrocarbons and also for many other groups of 
compounds containing carbon chains in their molecules. 
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Nona „l carbon chains. A carbon chain such as occurs in hexane of boiling 
po f„t (VI) is called a normal chain. Hence this hexane is called normal 
hexane or ,,-hexane. In a normal chain, each of the terminal carbon atoms 
H bound to one other carbon atom, the remaining carbon atoms on the 

other hand are joined to two carbon atoms. 

Branched carbon chains. The hexane of boiling point 58 ( Vn ) 15 an 
example of this type of compound. In this case two carbon atoms are 
present each of which are joined to three other carbon atoms. A carbon 

atom which is attached to only one other carbon atom is called 
a primary, if it is joined to two other carbon atoms a secondary, 
an d when’ it is attached to three other carbon atoms it is 
termed a tertiary carbon atom. Finally, a carbon atom may 
be combined as a quaternary atom as in the pentane of the 

annexed structure. . _ . . 

Compounds with one or more tertiary carbon atoms in the molecule are 

frequently denoted by the prefix iso. 

21. Number of possible isomers. On the basis of the two premises, the 

tctravalency of carbon and the formation of carbon chains, it is possible 

to predict how many isomeric hydrocarbons of a given composition, 

C n H 2 n+2• Are possible. Two arrangements are possible for a compound of the 

Composition C.,H 10 : CH 3 —CHj-CHj-CH, n-butane 


ci i 3 

11 3 C—c—CH, 
I 

CH, 


CII-CH-CI! 
C H, 


tso-butanc 


CH 


A third possibility does not exist in this case. 

Three structural formulae can be set out for a substance C 5 H 12 . 

1. CH,—CH,—CH,—CH,—CH, n-pentane 

2. C H 3 —C H—CII 2 —C H 3 

CH, 3. CH 3 —C—CH, 

_ CH, 

branched pentanes. 

while five isomers can be formulated for hexane C 6 H 14 : 


1. ci i 3 —c 1 u—c Hi—c h 2 —c H*—c h 3 

2. ch 3 -ch-ch,-ch,-ch, 

CH, 

3. CHj-CHj-CH-CHj-CII, 

CH, 

4. CH 3 -CH-CH-CH, 

(!h 3 CH, 

CH 3 

5. C H,—C—C H s —C H, 

CH, 


11-hexanc. 
2-methylpentanc 


3-mcthylpcntanc 


2,3-dimcthylbutanc 


2,2-dimothylkutanc 


branched 

hexanes. 
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Thus it follows from the theory of structure that it will be possible to 
prepare live and not more than live isomeric hexanes, or three isomeric 
pentanes or two isomeric butanes. If it should prove actually possible to 
obtain the number of isomers which is predicted in a particular case by 
the theory, and if moreover it is not possible to prepare more isomeric 
compounds than the theory will allow, it is very probable that the hypotheses 
on which the theory of structure rests, arc correct. Indeed, it has now been 
established in the examples mentioned above and in a large number of 
other cases, that the number of isomers is always in agreement with what 
the theory of structure would lead one to expect. 

The number of isomers theoretically possible increases rapidly as the 
molecule of the compound under consideration contains more carbon atoms. 
According to calculations by Blair and Henze there arc 9 possible isomers 
of the hydrocarbon C 7 H 1G , 18 of C 8 II 18 , 35 of C 9 IT 20 , 75 of C 10 H 22 , 4347 of 
C 15 H n2 , and 366,319 of C 20 H 42 , not including stereoisomers. 

In such cases the number of isomers which have actually been prepared 
is much smaller than the number of isomers theoretically possible. For 
example, no attempt has been made to prepare all the 4347 isomeric hydro¬ 
carbons of formula C 15 H 32 , since the conclusions of the theory of structure 
can be tested in a much simpler manner and no new discoveries are 
likely to follow from such an investigation. It is not to be doubted that it 
would, in principle, be quite possible to prepare all the isomers in such 
a case. 

22. Nomenclature of isomeric alkanes. For hydrocarbons with normal 
carbon chains the nomenclature is simple; they are denoted by the prefix n. 
The following rules are valid for the nomenclature of hydrocarbons with 
branched chains: the longest normal chain occurring in the molecule is 
chosen as the main chain, from which the name is derived. The various 
carbon atoms in this chain are now indicated by a number; the position 
of the side-chain is given by the number of the carbon atom in the main 
chain to which the side-chain is attached. Examples of these rules are to 
be found in the names of the branched chain hexanes (sec p. 46). 

Electronic formulae. The bond between two carbon atoms, like the bond 
between a carbon atom and a hydrogen atom, is a homopolar or covalent bond. 
A homopolar bond comes into being by the “sharing" of two electrons with 
opposite spins. Each of the four homopolar bonds in methane is produced 
therefore by one of the four valency electrons from the outer shell of the 
carbon atom forming an electron pair with the valency electron of a hydrogen 
atom. Hence the molecule of methane can be expressed by the following 
electronic formula, in which the electrons of the outermost shell are repre- 
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by dots; the letters C and H represent the "atom-shells” of carbon 

""Lcr'dfctron’pm^belongs both to the carbon atom and to a 
hydrogen atom; this is expressed in such a way that the carbon 
atom shares a pair of electrons with a hydrogen atom four times, 
so that the carbon atom may be considered as havmg eight electrons-™ 
LL octet —in its outermost shell. In the same way electronic formulae 


4 S 

son ted 
H 

11 : C: H 
ll 


can 


ron otici —m lK -' D - , r ^ *v T x 

be drawn for the homologues of methane (octet theory of G. N. Lewis 


and I. Langmuir). 

h ii 

H:C:C:H 
• • • • 

II H 

ethane 


II H H H 

H:C:C:C:C:H 

H ii H H 
butane 


H H H 

H:C : C : C:H 

HH:C:HH 

• • 

H 

2-methyl-propane 


It is seen that each of the carbon atoms has eight electrons (octet) and 
each hydrogen atom two electrons (doublet) in the outermost shell. It is 
clear that this octet theory leads to the same conclusions as regards the 
phenomenon of isomerism as the formal theory of structure, in which the 
nature of the bonding-forces was left undetermined, since the electronic 
formulae also are based on the tetravalcncy of the carbon atom, which 
possesses four valency electrons, and the monovalency of the hydrogen 
atom, which has one valency electron. From this it follows that all the 
alkanes have an even number of valency electrons. 


23. Physical properties of the alkanes. Table 6 gives the boiling points, 
melting points and specific gravities of a number of alkanes with normal 
carbon chains. 

From this table it appears that the differences in the melting points and 
boiling points between successive members of the series become smaller as 
the number of carbon atoms increases. This is a general phenomenon in 
homologous series. 

O11 comparing the boiling points of isomeric alkanes, it is seen that the compound 
with the normal carbon chain has the highest boiling point. 

b.p. 

35 - 9 ° 

27.8° 


9 - 5 ° 


Isomeric pentanes: 

n -pentane CH a .CH.CH.CH.CH* 

2-methylbutane CH 3 CHCH 3 CH 3 

CH S 
CH, 

CH 3 CCHj 
CH, 


2,2-dimethylpropanc 
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Isomeric octanes: 

tt-octane 

4 -methyllieptane 

3 -methylheptane 

2 -methylheptane 


2 , 5 -dimethylhexane 


2,2,3,3-t c t r a m ethylbutane 


ch 3 ch 2 ch 2 ch 2 ch 2 ch 2 ci i.,ch 3 


CH 3 CH 3 CH 2 CHCH 2 CH a CH 3 

ch 3 

CH 3 CH 2 CHCH 2 CH 2 CH a CII 3 

ch 3 

CH 3 CHCHoCH 2 CH 2 CII 2 CH 3 


ch 3 

chxhch 2 ch„chch 


CH 


CH 


ch 3 ch 3 


ch 3 i 


ch 3 ch 3 


b.p. 
125.8° 
1 iS° 


119 ° 


I 17.2° 


109.2° 


106.5° 


It is seen also that the boiling point is lower the more branches there are in the 
chain. 


TABLE 6 


SOME PHYSICAL CONSTANTS OF ALKANES 


Name 

Formula 

Melting 

point 

Boiling point 

Spec. grav. 

Mol. heat of 
combustion 
gas phase 
p const. 

Methane 

ch 4 

—182.6° 

161.6° 

0.4240 (b.p.) 

212.8 

Ethane 

C 2 H fl 

— 172.1° 

— 88.5° 

0.5462 (b.p.) 

372.8 

Propane 

c 3 h 8 

—187.1° 

— 42.5° 

0.5824 (b.p.) 

530.6 

Butane 

c 4 h 10 

—138.3° 

— 0.5° 

0.5788 (20°) 

687.9 

Pentane 

c 6 h 12 

—129.7° 

35.95° 

0.6262 ( 20 °) 

845.3 

Hexane 

c 6 h 14 

— 95.5° 

68.75° 

0.6594 (20°) 

1002.4 

Heptane 

c 7 h 18 

— 90.8° 

98.40° 

0.6837 (20°) 

1159.4 

Octane 

C 8 His 

— 56.8° 

125.8° 

0.7028 (20°) 

1316 

Nonane 

CjHg,, 

— 53.8° 

150.7° 

0.7181 (20°) 

1473.4 

Decane 

C T 0 H 22 

— 29.7° 

174° 

0.7298 (20°) 

1630.4 

Undecane 

^11^24 

— 25.6° 

195.8° 

0.7404 (20°) 


Dodecane 

Ci 2 H 26 

— 9.6° 

216.2° 

0.7493 (20°) 


Tetradecane 

^14^-30 

5.5° 

251° 

0.7636 (20°) 


Hexadecane 

^16^34 

18° 

280° 

0.7749 (20°) 


Eicosane 

^20^42 

36.4° 

309.7° 

0.7777 (m.p.) 


Heneicosane 

^21^44 

40.4° 

215 at 15 mm. 

0.7783 „ 


Tricosane 

C 23 H 48 

47.4° 

234 „ ,, „ 

0.7797 „ 


Hentriacontane 

c 31 h 64 

68 . 1 ° 

302 „ i) 11 

0.7808 „ 


Pentatriacontane 

Hexacontane 

C 35 H72 

C c 0 H 122 

74.7° 

99° 

331 i, H n 
250 „ 10- 6 „ 

0.7816 „ 










CH. 6 


SATURATED HYDROCARBONS 

5 ° , . . nncticallv additive in the normal alkane series 

The molecular heat of com t ' rcrf P For a numb er of normal alkanes with more 

if the first few members ‘ m ® ecular hcat of combustion, calculated on the gaseous 

than five carbon atoms represented by the formula: molecular heat 

zzrz c a ,. l -** . «.*. , - 

& a —- ~ - r — «“ - 
iso-rs T normal chains. series as was first 

1 hC r 0 FvKMAN / Usually the first few members at the beginning of the homologous 

S '™must be left out of consideration, because for these compounds the increase 
scries must b CH.-group is not constant. According to concordant 

m the mi™ WlBAUT and co -workers and by Shepard, Henne and Midgeey 

thfiZcL in the molecular refraction is constant within the errors of observation 

for the normal alkanes containing from 5 to 16 carbon atoms. 

TARTF 7 


MOLECULAR REFRACTION 


Normal 

alkane 

* 1 * _ 1 M 
n 2 + 2 * d 

A CH 2 for X = 5893 
sodium D-line at 20° 

c 5 h I2 

c.h I4 

25.26 

29.88 

4.62 

C 7 H j8 

34.53 

4.65 

c 8 h i8 

39.16 

4.63 

C»H t0 

43.80 

4.64 

C | 0 1 Iga 

48.45 

4.65 

c„H M 

53.09 

4.64 

C 12 I 1 2 8 

57.74 

4.65 

C i 8 H 3I 

76.23 

4 X 4.62 


From Table 7 it appears that the most probable value for A CH, is 4 . 64 . Small 
deviations from strict additivity occur with branched chain alkanes; thus for 

- 1% * M —ono 

2.3 dimcthylpcntane 


n 


n 2 4- 2 


/If— 200 

_ | = 34.30 a value which is therefore 0.23 lower 

d 1 — 


KQQ1 


than for normal heptane. 

Ignoring such small deviations, the molecular refraction may be considered as 
additive in the group of alkanes. 

If n x 4.64 is subtracted from the observed value for the molecular refraction 
for a hydrocarbon CnH 2 n + 2 . the value is found for the contribution made by two 
combined hydrogen atoms. If now this figure is subtracted from the value for the 
CII a -group the amount contributed by a combined C-atom is found. The refraction 
equivalents calculated in this way amount to 2.56 for carbon and 1.04 for hydrogen 
(both for X = 5893 ). 

The value of A CH a has been accurately determined also in other homologous 
scries; from measurements carried out by Bruylants on the series of normal alkane- 
carbonitriles from C t to C I3 inclusive, it also follows that (ACH,)J^, = 4.64 ( 56 ). 
Later on we shall consider groups of compounds, in which the molecular refraction 
depends not only on the nature and the number of atoms but also to a marked extent 
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on the structure, so that the knowledge of this quantity can be a help in the deter¬ 
mination of structure (cf. 84 , 92 , ioo, 299 ). 

24. Chemical properties of the alkanes. One or more of the hydrogen atoms 
in the alkanes may be easily substituted by chlorine or bromine (17). This 
reaction is greatly accelerated by light or by certain catalysts such as, for 
example, iodine. The alkanes with normal carbon chains do not react at 
ordinary temperatures with either concentrated nitric acid or concentrated 
sulphuric acid. 

Alkanes with a hydrogen atom combined with a tertiary carbon atom 
may be nitrated by warming with nitric acid (Konowalow) : 

(CIIjl.CH (C H 3 ) 2 C—NOj 

| +H0N'0 2 - I + H,0. 

(CH 3 ) 2 CII (CH 3 ) 2 CH 

2,3-dimcthylbutane 

A dinitro-compound is also formed as well as oxidation products. According 
to recent investigations by Hass, nitro-alkanes are produced by the action 
of nitric acid vapour on propane, butane and other homologues at a temper¬ 
ature of 400°. Degradation of the carbon chain also occurs in this case; from 
propane there is produced a mixture of i-nitropropane, 2-nitropropane, 
nitroethane and nitromethane. Nitroalkanes may be prepared in this way 
on a large scale. 

In general, the alkanes are stable towards oxidising agents such as potas¬ 
sium permanganate, chromic acid, ozone, hydrogen peroxide, etc. at ordinary 
temperatures. 

The higher alkanes (components of paraffin oil) can be oxidised by the action of 
air or oxygen at high pressure and about 150 ° with the formation of fatty acids ( 66 ) 
along with some hydroxy-acids. 

In connection with combustion to carbon dioxide and water, which 
occurs when alkanes are brought to a sufficiently high temperature with 
excess air or oxygen and may take place explosively, partial oxidation 
occurs at temperatures below the ignition temperature. 

Small quantities of formaldehyde ( 62 ) and formic acid ( 69 ) are formed along with 
H 2 0 , CO a and CO in the oxidation of methane at about 450°, with insufficient oxygen 
for complete combustion. Ethyl alcohol ( 31 ) is produced along with a little ethanal 
( 63 ) and acetic acid ( 70 ) by heating a compressed mixture of ethane with a few 
percent of oxygen for a short time at 360° (Bone). Formaldehyde and acetaldehyde 
as well as hydrogen peroxide are produced amongst other things, by the slow com¬ 
bustion of propane at about 450°. 

Isomerisation of alkanes. The transformation of alkanes with normal 
carbon chains into isomers with branched chains is very remarkable; these 
reactions, which take place slowly and are reversible, occur on heating 
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, , . . Hrorrpn chloride, which act catalytically 

with aluminium C ^ ^chvit et al) In this way an equilibrium mixture 
(lF f IE FF 'is reduced In, -butane at zoo’. 
In"thiTreact ion*«-pentan e ^ ,-methylbutane, the equilibrium mixture at 
8o°^contains about 8 7 % of the branched 

isomeric hexanes is obtained on heating -hexane with A1 Cl, and HC1 at . 


The rule of even numbers of atoms 

aj . The number of hydrogen atoms in the alkanes is even, as appears 
from the general formula C n H 2n+2 . All other organic compounds-with a 
few exceptions-may be considered as having been produced: z) by replacing 
the hydrogen atoms by other elements or groups of atoms. 2 ) I by loss of an 
even number of hydrogen atoms 3) by causes r and a together. From this 
it follows that the sum of the atoms with odd valencies (hydrogen, halogens, 
nitrogen, phosphorus, etc.) in organic compounds must always be an even 
number The molecule of a substance, the percentage composition of 
which agrees with the formula C,H a 0 2 N, must therefore be at least twice 

Some substances are known which form an exception to this rule, namely, 
hydrocarbons with an odd number of hydrogen atoms. A few nitrogen 
compounds are also known in which the sum of the hydrogen and nitrogen 
atoms is an odd number. These substances belong to the so caUed “free 


radicals (89) 

Occurrence of hydrocarbon , C n H 2 „« in nature. Mineral oil. Petroleum 
26 . Methane is produced by the decomposition of vegetable residues (cellulose) 
under the influence of bacteria and therefore forms the main constituent of marsh 
gas; methane is also set free from coal measures (fire damp). Higher members of the 
alkane series are met with in the form of waxy products in various essential oils; 
w-heptane occurs in the essential oil from an American pine (P. sabmiana) and is 

prepared from it. o 

By the dry distillation of bituminous brown coal, which is carried out at 500-600 , 

a tar is produced, in which a large proportion of alkanes is present besides homologues 
of phenol, and from which, amongst other things, solid paraffin is produced. This 
material contains the normal alkanes from C, c H40 to 

Mineral oil or Petroleum consists of mixtures of a very large number of hydro¬ 
carbons ; our knowledge of the components of these oils, especially as regards the higher 
boiling constituents, is still very incomplete. Practically all kinds of petroleum oil 
contain alkanes and cyclic hydrocarbons, both cyclancs ( 286 ), cyclopentane, cyclo¬ 
hexane and their homologues—usually called naphthenes in petroleum technology and 
aromatic hydrocarbons. Very probably hydrocarbons with hydrogenated bicyclicring- 
systems also occur in petroleum. Alkenes arc not encountered in raw petroleum but 
occur in distillates produced at high temperatures. The ratio in which these groups 
of hydrocarbons occur differ very widely for oils of different origin. 

The Pennsylvanian oils (North America) contain large amounts of alkanes, from 
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the highest to the lowest members of the scries with both normal and branched carbon 
chains. The natural gases, which arise from the oil wells in some oil fields and in other 
places make their appearance in various strata, consist chiefly of methane along with 
ethane, propane, butane and isobutane. Russian oils (Baku, Caucasus) contain large 
amounts of naphthenes; Californian and Rumanian oils also arc rich in cyclic hydro¬ 
carbons; oils from Java, Borneo or Sumatra contain considerable quantities of aroma¬ 
tics comprising only small amounts ol benzene and toluene but more of their homo- 
logues; naphthalenes and mono- and di-methylnaphthalcnes may be isolated from 
the kerosene distillates. Besides hydrocarbons, crude petroleum contains very small 
quantities of organic oxygen compounds, e.g. naphthenic acids (see 289 ) and sulphur 
compounds of unknown constitution and sometimes also small quantities of organic 
nitrogen compounds. 

Very little is known of the way in which petroleum is produced. On the basis ot 
geological and chemical considerations it is generally accepted that petroleum is 
produced from animal and/or vegetable remains. As chemical arguments for this 
supposition may be mentioned that optical activity has been observed in some petroleum 
fractions and that porphyrins occur ( 320 ), [both those related to chlorophyll ( 321 ) 
and those related to haemin], in different kinds of crude petroleum and in asphalt 
(Treibs). From this it should follow that both the remains of chlorophyll-containing 
plants and of haemoglobin-containing animals have contributed to the formation of 
crude oil. The starting material from which petroleum is produced was probably 
formed from the dead remains of swimming flora and fauna (plankton) from inland seas. 

Petroleum is brought to the surface from deep lying strata through bore holes and 
then submitted to fractional distillation. Both the distillates boiling over the range 
about 40 ° to 180 0 (benzine, petrol) and that from 180 ° to 300 ° (lamp oil paraffin or 
“kerosene”), are purified by treatment with concentrated sulphuric acid (followed 
by treatment with caustic soda and water), by which means impurities giving rise 
to the formation of resins are removed. Another method of purifying petroleum 
distillates (e.g. kerosene) consists in extracting with liquid sulphur dioxide, in which 
aromatic and unsaturated hydrocarbons arc soluble and are therefore removed 
(Edeleanu). 

Petroleum ether or light petroleum ( 40 - 70 °), benzine or petrol ( 70 - 120 °) and ligroin 
or white spirit ( 120 - 150 °) are separated. Petroleum ether is also recovered from natural 
gases by condensation and by washing with a suitable petroleum fraction, as well 
as from the crude oil by distillation. 

Propane and butane arc also separated from natural gas to serve as gaseous fuels. 

The fraction following the kerosene fraction (boiling to 350 °) furnishes fuel oil for 
heavy motors (Diesel oil). The viscous liquid remaining behind after the removal of 
this fraction, is sometimes used as liquid fuel or worked up to various products such 
as lubricating oil, petroleum asphalt and paraffin. 

Petroleum oils consisting chiefly of naphthenes furnish viscous residues from which 
lubricating oils and greases are recovered by distillation with steam or by vacuum 
distillation. The fractions remaining behind after removing the lubricating oils are 
worked up for petroleum asphalt (petroleum pitch). 

Good lubricating oils are also obtained from paraffinic petroleum oils containing 
large amounts of alkanes. Lubricating oils consist of mixtures of a large number of 
hydrocarbons; very little is known about the individual components. Moreover the 
question as to the relationship between lubricating properties and chemical constitution 
is still for the greater part unsolved. 
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“"fght and°contains also compounds containing oxygen, sulphur amd nitrogen: the 
chemical constitution of the constituents of asphalt is unknown. Petroleum, asphalt 
is a material closely allied to the natural product: both materials are used for road 

making and for electrical insulation. . 0 

Since the quantity of petrol obtained by working up crude oil is much less than 

the quantity of higher boiling distillates and the need for petrol for automobile and 

aeroplane engines is so very great, processes have been developed by which mixtures 

of high-boiling hydrocarbons can be converted by thermal decomposition or cracking 

into hydrocarbons of lower molecular weight and therefore lower boiling point The 

thermal decomposition of hexane in the gas phase at 600 takes place partly as 

follows: 

C # H W — C 6 H 10 + CH, 
nontone 


A normal carbon chain can be split up in such a way that the homologues of methane 
are produced alongside one another. 

Simultaneously fission also takes place thus: C n H 2 n +2 —> H 2 4- CnH 2 n (alkene), 
and to some extent much more profound decomposition with the separation of carbon 
and hydrogen. In the thermal decomposition of hydrocarbon mixtures from mineral 
oil. unsaturated hydrocarbons are therefore produced, both aliphatic and cyclic (from 
cyclanes) as well as alkanes and hydrogen; a considerable amount of carbon also 
separates as petroleum coke. In the Dubbs cracking process the oil to be cracked is 
subjected in the liquid state to a temperature of about 500° under high pressure. 
Petrol from the cracking process contains a high percentage of unsaturated hydro¬ 
carbons, chiefly alkencs. 

Petrol consisting mainly of alkanes with normal carbon chains is of little use in 
engines working at a high compression ratio ( e.g . aeroplane engines), since a sudden 
rise in the rate of combustion occurs, which causes the engine to “knock”. It has 
been found that branched chain alkanes show less tendency to knock, i.e. they have 
better “antiknock properties”. In order to be able to give the antiknock rating of a 
petrol, its behaviour in an engine is compared with that of two reference substances: 
2,2,4-trimethylpentanc (b.p. 99.1 °) called iso -octane in practice, and w-heptane 
(b.p. 98.4°) (Edgar). To iso-octane, which has very good antiknock properties, an 
octane number of 100 is given by definition ; n-heptane, which has very poor antiknock 
properties, has an octane number of o. A petrol which shows the same behaviour 
in a testing engine specially constructed for this purpose as a mixture of 70 volumes 
percent, of iso-octane and 30 volumes percent, of w-heptane, has an octane number 
of 70. 

Alkenes have a higher octane number than the corresponding alkanes with the 
same carbon chain; aromatic hydrocarbons also have a high octane number. Alkenes 
and alkanes with branched chains are prepared synthetically in order to obtain petrol 
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with a high octane number. The isobutene occurring in cracking gases can be polymer¬ 
ised with the aid of sulphuric acid (sec 85) to a mixture of octenes consisting mainly 
of 2 , 4 , 4 -trimethylpentene-i and 2 , 4 , 4 -trimethylpentene- 2 . 2 , 2 , 4 -Trimethylpentane 
mentioned above, is obtained by the catalytic reduction of this mixture. The anti¬ 
knocking properties of petrol can be increased considerably also by the addition of a 
very small quantity of tetraethyl lead, which is therefore used as an “antiknock” 
agent. (Midgley). 

As far as is known, the supplies of mineral oil are much smaller than the coal 
deposits available for mining. Attempts have therefore been made to prepare mixtures 
of liquid hydrocarbons from coal to replace petrol and fuel oil. 

In the Bergius process, powdered coal or brown coal slurried in a high boiling 
hydrocarbon oil is heated at about 450 ° under a hydrogen pressure of 150-200 atm. 
in presence of catalysts like molybdenum sulphide which are not poisoned by sulphur 
compounds. In this way the coal substance is decomposed with the absorption of 
hydrogen and is converted to a considerable extent into liquid hydrocarbons. 

Another method, discovered by F. Fischer and H. Tropsch, starts from “water 
gas” obtained by the action of steam on red-hot coke and consisting chiefly of hydrogen 
and carbon monoxide. If a mixture of carbon monoxide and hydrogen is passed at 
ordinary pressure and at about 300 ° over certain catalysts consisting of, for example, 
finely divided iron or cobalt and a non-reducible oxide like alumina or magnesium 
oxide, a mixture of liquid hydrocarbons, chiefly alkanes, is produced. If the reaction 
is carried out with ruthenium as a catalyst, at a pressure of about 1000 atm., a mixture 
of alkanes with 1000 or more C-atoms per molecule is obtained. Hydrocarbons with 
such a high molecular weight have not so far been encountered in nature. 

From these experiments it appears that the course of the reaction between CO 
and H 2 can be modified by using catalysts having very specific properties. Indeed 
by using pure nickel as the contact substance, the reduction of carbon monoxide with 
molecular hydrogen takes such a course that methane and water are the sole products. 
It is not yet clear how the formation of the homologues of methane in the experiments 
of Fischer and Tropsch is to be explained; perhaps metal carbides are formed by 
the action of CO on the metal of the contact mass and these carbides are then decom¬ 
posed by hydrogen into metal and hydrocarbons. 



CHAPTER 7 


COMPOUNDS WITH ONE CHARACTERISTIC ATOM OR 

GROUP OF ATOMS 

27 In the following we shall discuss a number of classes of compounds 
all of which are characterised by having in the molecule one characteristic 
atom—a halogen atom—or one characteristic group of atoms. The charac¬ 
teristic group—also called the functional group —may be, for example, a 
hvdroxyl-group —OH, an alkoxy-group —OC n H 2n +i, a cyano-group CN, 
an amino-group —NH 2 , an aldehydo-group —CHO or a carboxyl-group 
_COOH. All these compounds may be considered as having been derived 

from alkanes by substitution. 

(l) ALKANOLS (ALCOHOLS) C n H 211+20 

28. The members of this homologous series satisfy the general formula 
C n H 2n+2 0 ; they are named after the corresponding hydrocarbons by adding 
the suffix ol: methanol CH 4 0 , ethanol C 2 H e O, two isomeric propanols 
C 3 H 8 0 , four isomeric butanols C 4 H 10 O, the pentanols C 5 H 12 0 , etc. 

Structure and methods of formation. When an alcohol is treated with 
phosphorus tri- or penta-chloride, a molecule of alkyl chloride is produced 
from a molecule of alcohol: 

3C n H 2 n+20 + PCI 3 — 3C n H 2 n+lCl + H 3 PO 3 

or C n H 2n+2 0 + PCl 5 -C n H 2Q+ iCl + POCI3+HCI. 

In this reaction an oxygen atom and a hydrogen atom together are 
replaced by a chlorine atom. The monovalent chlorine atom in the C n H 2n +iCl 
so formed is attached to a carbon atom of the alkyl group CnH 2n +i by one 
valency bond. Therefore, in the alcohol C n H 2n+2 0 , the alkyl group CnH 2n+I 
is combined with a monovalent group containing an oxygen atom and a 
hydrogen atom, which can be none other than the group —O—H; the 
structure of an alcohol must be represented therefore by the formula 
C„H 2n +i—O—H. When sodium is allowed to react on an alcohol, C n H 2n+2 0 , 
1 gram-atom of hydrogen is set free from i gram-molecule of alcohol, and 
a compound C n H 2n+I ONa, called a sodium alcoholate, is produced. Hence, in 
the alcohol molecule, one hydrogen atom is present which can be replaced 
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by an atom of sodium (or another alkali metal). It is permissible to assume 
that this is the hydrogen atom combined with oxygen, since hydrogen is 
also liberated by sodium from water—for the molecule of which no other 

structure is possible than H—O—H. 

The supposition of the presence of a hydroxyl group in the molecule of 
the alkanols is in agreement with a general method of formation from alkyl 
halides, particularly from alkyl iodides, by treatment with moist silver 
oxide. It is usually assumed that a small quantity of silver hydroxide, to 
which the structure Ag—O—H is ascribed, dissolved in water, is present 
in this reagent. The formation of alkanol can therefore be represented thus: 

CnH‘>n+lI + AgOH —►Agl + CnH2n+lOH. 

The halogen atoms in alkyl chlorides or bromides can also be replaced by 
hydroxyl groups; this can be brought about in some cases by heating 
with water or with high temperature steam. 

The structure of the alcohol may be derived by still another method of 
reasoning. Assuming that the H-atoms are monovalent, the O-atom bivalent 
and the C-atoms tetravalent, in a compound of the composition C n H 2n+2 0 
the oxygen atom can be combined in two ways only: 

I. CnHon+1—o—H or II. CpH^p+i—O—C q H2q+i (where p + q = n). 

It is clear that the structure of an alkanol cannot be represented by- 
formula II: all the hydrogen atoms in this structural formula are attached 
directly to carbon, so that the formula can give no account of the properties 
or the methods of formation of the alcohols. 

The electronic structure of the alcohols is given in the following formulae 

H 

R:d:H e.g. H:C:’6:H 
• • • • • • 

H 


The oxygen atom has six electrons in the outer shell: of these, two are 
used for the formation of pairs of electrons with the available valency- 
electrons of the alkyl group and of the hydrogen atom; these pairs of 
electrons bring about the combination between R and O, and H and O, 
respectively. The oxygen atom still has two remaining pairs of electrons 
which do not take place in chemical combination; these are known as 
lone pairs of electrons. 

The formation of alcohols from alkyl halides is of importance as a method 
of preparation in a few cases only; frequently the alkyl halides are prepared 
in just the opposite way from the corresponding alcohols (see 39). 

Other general methods of making alkanols will be discussed later (59). 

Isomerism and nomenclature. Isomerism can occur in the alcohol group: 


1 by branching in the carbon chain, 2 by the positk>n-of-th^-. 


droxyl 




' \ 
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group 3 by the causes mentioned in I and 2 working together. The position 
of the hydroxyl group is indicated by the number of the carbon atom to 
which it is attached. If the molecule has a branched carbon cham, the 
longest normal chain occurring in the molecule is chosen as the starting 
point for naming the molecule, the positions of the alkyll groups .which 
occur as branchings or as side-chains, being, indicated by figures. Table 8 
gives examples for the isomeric alkanols with 3 to 5 C-atoms. 


Name 


TABLE 8 

ISOMERIC ALCOHOLS WITH 3 TO 5 C-ATOMS 


Formula 


Boiling 

point 


Melting 

point 


Spec. grav. 
at 20° 
d|°° 


Alkanols C 3 H,OH 
Propanol-1 
Fropanol-2 


CH 3 CH 2 CH 2 OH 

CH3CHOHCH3 


97.2° 

82.85° 


126.1° 

89.5° 


0.8035 

0.7851 


Alkanols C 4 H # OH 
Butanol-1 
Butanol-2 
2 -Methylpropanol-l 

2-Mcthylpropanol-2 


CH 3 CH 2 CH a CH 2 OH 

CH 3 CH s CHOHCH 3 

CH 3 CHCH 2 OH 

ch 3 

CH 3 C(OH)CH 3 


117.75° 

99.50° 

108.1° 


89.9° 0.8097 

— 0.8078 

108° 0.8026 


82.55° + 25.55° 0.7867 


CH 


Alkanols C 6 H n OH 
Pentanol-1 
Pentanol-2 
Pcntanol-3 

2- Methylbutanol-1 

3- Methylbutanol-1 

2- Methylbutanol-2 

3- Methylbutanol-2 


2,2-D imethylpropanol-1 


CH 3 CH 2 CH 2 CH s CH a OH 

CH 3 CH 2 CH s CHOHCH 3 

CH 3 CH 2 CHOHCH s CH 3 

ch 3 ch,chch 2 oh 


ch 3 

ch 3 chch 3 ch 2 oh 


ch 3 

CH 3 CH 2 C(OH)CH 3 


ch 3 

ch 3 chchohch 3 

Ah. 

ch 3 

ch 3 cch 2 oh 

ch 3 


137.9° 

119.8° 

116.1° 

128° 

132° 

102.3° 

112.9° 


113' 


78.8' 


8.6 


+ 48' 


0.8148 

0.8092 

0.8203 

0.816 

0.8092 

0.8088 

0.819 d” 
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The alcohols are differentiated into primary, secondary and tertiary alco¬ 
hols according to whether the hydroxyl-group is combined with a primary, 
secondary or tertiary carbon atom. 

In general, derivatives of alkanes are called primary, secondary or tertiary 
if they can be considered as having been produced by substitution of hydro¬ 
gen atoms attached to a primary, secondary or tertiary carbon atom (see 20). 

Thus primary alcohols are represented by the general formula I; secondary 
by II and tertiary by III. 


I. CnH2n + l—CH 2 OH 


II. HOHC 


C n H2n + 1 


\C IU H 2m + 1 



nil2 d +1 
III. HO—C C m H 2 di + 1 

c pH2p+ 1 


29. Physical properties of the alkanols. Some physical properties of a 
number of normal primary alcohols are given in Table 9. The difference 
in the boiling points between two successive members of the series amounts 
to 18-20° except for the first two members. If the boiling points of the 
normal alcohols are compared with those of the isomers with branched 
chains (Table 8), then it appears that here again the boiling point is lower 
as more branchings occur in the carbon chain. 


TABLE 9 

SOME PHYSICAL CONSTANTS OF ALKANOLS 


Name 

Formula 

Spec. 

grav. 

do 

M.p. 

B.p. 

Differ¬ 
ence 
in b.p. 

Molecular 
heat of 
combustion, 
liquid 
p const. 

Methanol 

CH 3 OH 

0.810 

— 97.1° 

64.65° 


173.6 

Ethanol 

C 2 H 5 OH 

0.800 

— 114.15° 

78.32° 

13.62° 

326.7 

Propanol-1 

CaH 7 OH 

0.819 

—126.1° 

97.2° 

19.09° 

482.1 

Butanol-1 

C 4 H 9 OH 

0.824 

— 79.9° 

117.75° 

20.34° 

638.1 

Pentanol -1 

c 5 h u oh 

0.829 


137.9° 

20.15° 

794.3 

Hexanol -1 

C 6 H 13 OH 

0.833 


157.5° 

17.5° 

950.5 

Heptanol-1 

c 7 h 1s oh 

0.838 

— 36.5° 

173° 

17.6° 

1107 

Octanol -1 

c 8 h 17 oh 

0.843 

— 16.7° 

195.5° 

22.5° 

1263 

Nonanol -1 

CgHjjOH 

0.841 

— 5° 

213.5° 

18.0° 

1420 

Decanol -1 

c 10 h 21 oh 

0.839 

0 

+ 

231° 

19° 

1577 


The alcohols are colourless compounds. The alcohols C x to C 3 are mobile 
liquids miscible with water in all proportions. From C 4 onwards they have 
a limited miscibility with water. Alcohols with 12 and more carbon atoms 
are solid at ordinary temperatures and very slightly soluble in water. 
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retorts The aqueous liquid contains 1-3 % of methanol and in addition 
vaHous other substances of which acetic acid (about 10 %) and acetone 
(about o 5 %) are the most important. The acetic acid is fixed by treatment 
with lime ; the methyl alcohol is then separated and purified by fractional 

distillation Crude methyl alcohol is also called wood spirit . 

At present methanol is prepared in a completely different manner, 

namely by catalytic reduction of carbon monoxide by hydrogen gas. 
rn + 2H-> CH,OH + 21.S kcal. This reaction takes place when a mixture 
of carbon monoxide and hydrogen is passed over certain catalysts at a 
pressure of 200 atm. and a temperature of about 4 °°° (Patart, Mittasch) 
The catalysts used for this purpose are obtained by reducing a mixture of 
zinc oxide and chromium oxide, to which other metal oxides are sometimes 

added, by means of hydrogen under pressure. . . 

Higher alcohols (butanol) (34) are produced as by-products in this reaction 

along with methyl alcohol; the formation of these by-products can be 
facilitated by using certain catalysts. Thus the formation of methanol from 
CO and H, is a new example of specific catalysis in which the reduction o 
the carbon monoxide is directed into one particular direction (cf. 26). 

Methanol is a clear, colourless liquid, miscible with water in all propor¬ 
tions; in this mixing development of heat and a contraction in volume occur. 
Methanol burns with a pale blue flame; the smell of methanol is very similar 
to that of ethyl alcohol. Methanol is very poisonous. In industry methanol is 
used, for example, in the preparation of formaldehyde, of several dyestuffs 

and for denaturing spirits. 


31. Ethanol occurs in the free state in nature only here and there in 
extremely small quantities, e.g. traces of ethanol have been detected in 
the soil, in natural waters and also in plants and in animal tissues. 

Preparation. Ethyl alcohol, usually called alcohol for short, is usually 
obtained by fermentation of a sugar, glucose, C 6 H 12 0 6 , which is split up 
into carbon dioxide and alcohol by the action of certain micro-organisms, 
yeast (163, 192): 

C e H ia O a — 2C s H e O + 2CO,. 


Glucose (which would be too expensive) is not used in the technical prepar- 
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ation of alcohol but material which is rich in starch, such as potatoes, corn, 
maize. Starch (C 6 H 10 O 5 ) x can be converted into maltose, C 12 H 22 O n (173, 182), 
by the action of certain enzymes (207). Glucose is produced from maltose by 
further hydrolytic fission, likewise under the influence of enzymes: 

c 12 h 22 o u + h 2 o —► 2C*h 12 o 6 . 

When potatoes are used as raw material they are heated with steam under pressure 
at about 130°, which bursts the cell walls and causes the starch grains to swell (183). 
The thin liquid mass so obtained, is then treated at about 6o° with malt, i.c. germinated 
barley. The germinated barley contains enzymes, the amylases, together often called 
“diastase" , which bring about the hydrolytic fission of starch into maltose: 

2 (C 0 H 10 O 5 ) x + *H 2 0 —*■ x CuHjaOjj. 

When all this transformation, called saccharification, is at an end, yeast is added 
to the liquid; the yeast contains an enzyme maltase, which splits the maltose into 
glucose. The glucose so formed, is converted by the further action of the yeast into 
alcohol and carbonic acid; the fermentation is allowed to proceed at a temperature 
ot 27-30°. The liquid is then subjected to distillation making use of a suitably con¬ 
structed fractionating apparatus (column apparatus). In this way 90 % alcohol can 
be obtained directly although the concentration of alcohol in the fermented liquor 
is no higher than 18 %. The thin liquid mass remaining behind in the distillation 
kettle contains practically all the proteins which were present in the starting material 
and is used under the name of swilliugs as cattle food. The “raw spirit” is submitted 
to a fresh fractional distillation and 95.6 % alcohol is eventually obtained. The end- 
runnings from the distillation, the so called fusel oil consists of higher alcohols, chiefly 
of two pentanols (amyl alcohols) and contains also some propanol-1 and 2-methyl- 
propanol- 1. These higher alcohols, produced as by-products in alcoholic fermentation, 
are formed from proteins present in the starting material (see 195). At the present 
time ethanol is also produced on an industrial scale from ethene (see 85). 

32. Since the system ethanol—water has a minimum boiling point at 
78.15° at 95.57 % ethanol and 4.43 % water (6), 95.6 % alcohol cannot be 
concentrated further by distillation. In order to prepare anhydrous or 
absolute alcohol, 95.6 % alcohol is heated with quick-lime. The water present 
in the mixture then combines with the lime; on subsequent distillation pure 
ethyl alcohol passes over. 

On the large scale, absolute alcohol is prepared by distilling alcohol containing 
water with the addition of benzene. The system benzene—alcohol—water shows a 
minimum boiling point at 64.9°; the composition of this mixture is: 7.4 % water, 
*8.5 % alcohol and 74.1 % benzene. The system alcohol—benzene also shows a 
minimum boiling point at 68.2°; the azeotropic mixture consists of 67.6 % benzene 
and 32.4 % alcohol. Hence, when alcohol containing water to which a sufficient quantity 
of benzene has been added is distilled, the ternary mixture boiling at 64.9°, mentioned 
above, will pass over first; this will go on until all the water has been removed from 
the liquid. Then the binary mixture boiling at 68.2° distils over; finally, absolute alcohol 
remains behind in the distillation apparatus and is run off. The benzene is used again. 

Absolute alcohol is used for some industrial purposes, e.g. when admixed with 
petrol as a motor fuel. 
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Absolute alcohol is a colourless, mobile liquid with a characteristic odour 
burning with a pale blue flame. It is hygroscopic and miscible water in all 
proportions; on mixing, heat is developed and a contraction in volume occurs. 

Ethyl alcohol and methyl alcohol are excellent solvents for a number of organic 
compounds and also for ammonia and hydrogen chloride; the chlorides and carbonates 

of the alkali metals are only slightly soluble in these alcohols. 

If an aqueous solution of alcohol is saturated with potassium carbonate immiscibihty 
occurs and the liquid separates into two layers. The lower layer consists of a concen¬ 
trated solution of potash containing only a little alcohol, the upper ayer contains 
ni - alcohol along with water and a little potash. This phenomenon of immiscibility 
also occurs with mixtures of water and some of the homologues of ethanol; use is 

made of this property for isolating such alcohols. 

Ethanol is detected qualitatively by the iodoform reaction (see 107). Further, 
ethyl alcohol can be detected with certainty by treatment with ^-nitrobenzoyl 
chloride (261) by which the ethyl ester of this acid melting at 57 is produced. 

Alcoholic drinks were already known in ancient times and were prepared by primitive 
peoples from vegetable materials containing sugars or starch. One differentiates 
between undistilled alcoholic beverages such as wine (8-10 % alcohol), beer (3-4 % 
alcohol) and distilled alcoholic liquors, which are obtained from the former by distil¬ 
lation. To the second group belong brandy (40-50 % alcohol), gin (alcohol distilled 
over juniper berries), cognac (obtained from wine by distillation and containing more 
than 50 % alcohol). 

Taken in small quantities, ethyl alcohol exerts a stimulating action which is soon 
followed however by a stupefying and soporific effect; in larger quantities alcohol 
acts as a poison; the ethyl alcohol is assimilated almost completely by the body but 
injurious effects are produced in the process, which may lead to degeneration of 
various organs in cases of chronic alcoholism. 

Ethanol is used for a number of industrial purposes, e.g. the preparation of lacquers 
and varnishes, in the manufacture of organic dyestuffs and pharmaceutical products. 


33. Propanols (Propyl alcohols). There are two propanols; the one boils 
at 97.41 0 at 760 mm and has a spec. grav. of 0.8044 at 20°; the other has a 
boiling point of 82.85° and a spec. grav. of 0.7887 at 20°. According to the 
principles already put forward, only two isomers are possible, viz.: 

CH 3 CH,CH 2 OH CH s CH(OH)CH 3 . 

propanol-1 propanol-2 


It is possible to deduce which structure shall be ascribed to the alcohol 
boiling at 97.41° and which to the alcohol of b.p. 82.85°, by oxidation. By 
oxidation with potassium bichromate and sulphuric acid there is produced 
from the first alcohol a compound, propatial, having the composition C 3 H e O, 
from which propionic acid is produced on further oxidation with potassium 
permanganate. From the lower boiling alcohol oxidation with potassium 
bichromate and sulphuric acid likewise produces a compound of the com- 
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position C 3 H 6 0 , propanone, but this is decomposed into acetic acid and 
carbon dioxide by further oxidation with potassium permanganate; 

CHjCHjCHjOH (propanol-i, 97.41°)-*CH 3 CH 2 C^ (propanal) — CH 3 CH.,C'" ° (propionic acid) 

\OH 

CHjCHOHCHj (propanol-2, 82. 0 8s) —» CH 3 —C—C H 3 (propanone) -* CH,COOH 4 - CO,. 

O 


The formation of propionic acid from propanol-i amounts to the replace¬ 
ment of two hydrogen atoms by one oxygen atom. It is clear that a compound 
of the structure of propionic acid can be produced from the primary alcohol 
(propanol-i), but not from the secondary alcohol (propanol-2). 

This course of the oxidation is characteristic for all primary and secondary 
alcohols. A primary alcohol has the grouping —CH 2 OH, which is converted 


by oxidation into the grouping 


4*0 

\OH 


characteristic of the carboxylic 


H 


acids; a secondary alcohol has the grouping c" " , from which the group 

' \OH 1 


C — O, characteristic of ketones, i.e. the general name for propanone 
and its homologues, is produced on oxidation. 

Thus on oxidation, primary alcohols give acids with the same number of 

carbon atoms', secondary alcohols give ketones with the same number of carbon 
atoms. 


As follows from the example discussed above, the propanols are easily 
attacked by oxidising agents. This holds in general for all alcohols. While 
the saturated hydrocarbons, C n H 2n +2, are difficult to oxidise, compounds, 
which may be thought of as being derived from these hydrocarbons by 
replacing a H-atom by the group —OH, are much more easily accessible 
for oxidation. At the same time there is one other point. Both in the con¬ 
version of propanol-i into propionic acid and in the formation of acetone 
from propanol-2, oxidation takes place on the carbon atom to which oxygen 
is already attached. As a general rule it may be stated that: When an 
organic compound is subjected to oxidation, the molecule is attacked at the 
place where oxygen is already present. 

Propanol-i occurs in fusel oil (31) and is obtained from it by fractional 
distillation; propanol-2 can be prepared by the catalytic reduction of pro¬ 
panone (65). Propanol-2 is prepared from propene (see 85) on an industrial 
scale. Both alcohols are poisonous; they are used as solvents. 


34. Butanols. C 4 H 9 OH. There are four known alkanols C 4 H 9 OH (see 
table p. 58) i.e. as many as are possible from theory. Two of these, namely, 
those boiling at 117.75 0 and 108.15 0 at 760 mm., are oxidised to acids with 
the same number of carbon atoms. 
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Hence the following structural formulae come into consideration for these 

alcohols: CH\ 

CHjCHjCHjCHjOH and CHCH 2 OH. 

We shall see later that the normal structure must be ascribed to the alcohol 
with b P 117 75 °, While the other structural formula belongs to the alcohol 
with b.p. io8 i5 °. A third butanol boiling at 99-5° can be converted by 
oxidation into a ketone with the same nuI "ber of carbon atoms .hence this 
is a secondary alcohol having the structure CH^H.CHOHCHj. The fourth 
butanol is solid at ordinary temperature (m.p. + 25.45 ) and boils at 82.55 • 
For this alcohol there remains the fourth structural formula, that of a 

tertiary alcohol (Butlerow) : 

CH,\ /CH, 

c 

r vj / \OH. 


When this alcohol is subjected to oxidation neither an acid nor a ketone 
with four carbon atoms is produced, but the molecule is immediately broken 
down to molecules with smaller numbers of carbon atoms. Since oxidation 
takes place at the carbon atom already carrying an oxygen atom, according 
to the structural formula given above one or more bonds between carbon 
atoms must be broken in the process with consequent break down of the 
carbon skeleton into smaller fragments. In general it holds that a tertiary 
alcohol is split up by oxidation into compounds containing a smaller number 

of carbon atoms. 

Butanol-i or normal primary butyl alcohol, is prepared technically by subjecting 
starch to a iermentation process under the influence of certain micro-organisms 
(bacillus amylobacter ); acetone and ethanol are also produced in the process. 

2-Methylpropanol-i or primary isobutyl alcohol, is separated from fusel oil and 
is also obtained as a by-product in the methanol synthesis from carbon monoxide 
and hydrogen (by using cobalt catalysts) (30). 

35. Pentanols (Amyl alcohols). Eight isomers are possible of the alcohols with 
5 carbon atoms; all these are known (see table 8 on p. 58). Crude amyl alcohol from 
fusel oil consists ot a mixture of 2-metliylbutanol-i (b.p. 128°) and 3-methylbutanol-i, 
(b.p. 132 0 ), the latter predominating. These pentanols have a more powerful anaesthetic 
action and are more poisonous than ethanol. Butanols and pentanols are used as 
solvents especially in the manufacture of soluble lacquers. 

Higher alcohols C n H 2n +iOH. Some of these alcohols occur in nature in the form 
of derivatives. Thus esters of n-hexanol-i, n-octanol-i and n-nonanol-i are met within 
essential oils. 

Cetyl alcohol or n-hexadccanol-i, CH a (CH g ) 14 CH 2 OH, occurs in the form of its palmi- 
tate ester in spermaceti. Esters of higher alcohols (with 24 to 36 carbon atoms) with 
fatty acids of 24 to 34 carbon atoms occur in different kinds of waxes, e.g. in bees, 
wax and in camauba wax (a vegetable wax). 
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36. Alkanolates (alcoholates or alkoxides) are compounds produced from 
alcohols by replacement of the hydrogen atom of the hydroxyl-group by 
metals. The most important are sodium methylate CH 3 ONa and ethylate 
C 2 H 5 ONa, both white powders, easily soluble in the corresponding alcohols. 
These alcoholates are frequently used in organic syntheses; a solution of 
sodium methylate in methanol is more stable than an ethyl alcoholic solu¬ 
tion of the ethylate, which slowly becomes brown on account of oxidation 
(formation of aldehyde resin). 

While the alcoholates of the alkali metals are produced directly by the 
action of the metal on the anhydrous alcohol, this reaction docs not occur 
with other metals. Alcoholates of other metals are obtained by roundabout 
ways, e.g. by dissolving an alkali metal alcoholate in liquid ammonia and 
introducing a metal salt; 2C 2 H 5 OK + Ba(N 0 3 ) 2 —> (C 2 H 5 0 ) 2 Ba + 2KN0 3 . 

Relationship between optical activity and chemical structure'. Stereoiso¬ 
merism 

37. Some substances are known, both inorganic and organic, which in 
the crystalline state cause a rotation of the plane of polarisation, e.g. crystals 
of quartz, potassium chlorate, benzil. These substances show no optical 
activity in the fused or dissolved state, so that in this group of compounds 
the optical activity is connected with the crystal structure. 

A large number of compounds are known, which show optical activity in 
the fused state or in solution (13). In liquids the molecules are constantly 
in motion with regard to one another and there is no regular order as in a 
crystal. The optical activity of liquids cannot be ascribed therefore to a 
definite arrangement of the molecules, but must be connected with the 
internal structures of the molecule. This is apparent also from the fact that an 
optically active substance (turpentine oil) brings about a rotation of the 
plane of polarisation in vapour of normal density, as was proved by Biot 
and later by Gernez. In this book, if optical activity is mentioned, it will 
refer to the optical activity of liquid or dissolved substances. 

We shall illustrate the connection between optical activity and the struc¬ 
ture of the molecule by the example of 2-methylbutanol-i. This alcohol 
as isolated from fusel oil is optically active and laevo-rotatory: (oc)d = 
— 5 - 9 °°; the boiling point is 128° and the spec. grav. at 20°, 0.816. An isomer 
of this substance, having the same boiling point and the same specific 
gravity, but which is optically inactive, has been made synthetically. At the 
same time a third isomer has been obtained; again this has the same boiling 
point, and is optically active but rotates the plane of polarisation of polarised 
light towards the right. The same structural formula I, must be ascribed 
to each of these three isomers. This follows, for example, from the fact that 
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methylethylacetic acid, the structure of which has been proved by synthesis 
^ II (see 124), is produced from each of these alcohols on oxidation: 

C 

c s h 5 ^ \cooh. 

II 


C 

C t H 4 /\CH 2 OH 

I 


Thus we have here three isomeric compounds which are identical in most 
chemical and physical properties, but which differ sharply from one another 
in one physical property, namely, in behaviour towards polarised light. The 
atoms and groups of atoms in the molecules of these three isomeric com¬ 
pounds are arranged in the same way, at least in the sense of the ideas so 
far developed. It is however possible to give an explanation of this peculiar 
kind of isomerism by an extension of the theory of structure. 

We will consider optically active forms only at first. Such isomers, one 
of which rotates the polarised light to the right and the other to the left, 
are called optical antipodes. It has been found that the numerical value of 
the rotatory power is the same for optical antipodes, only the sign is different 
(a rotation towards the right is called positive, and a rotation towards the 

left negative). , T 

The first example of optical antipodes was discovered by L. .Pasteur 

during his investigations on the tartaric acids (138). In i860 this investigator 
proposed the hypothesis that optically active bodies should have asymmetric¬ 
ally constructed molecules (“DissymStrie moleculaire”). Such asymmetric 
molecules will be capable of existence in two forms, which will be mirror 
images of one another, and which are not therefore congruent; the dextro¬ 
rotatory isomer should consist of molecules of the one form and the laevo- 

rotatory of molecules of the other form. 

In 1874 J. H. Van’t Hoff and J. A. Le Bel independently of each other 

and in slightly different forms, extended the theory of structure so as to give 
a more accurate definition of Pasteur’s principle of molecular asymmetry. 

Van ’t Hoff noted that in all the optically active compounds of which 
the structure was then known, there occurred at least one carbon atom which 
was attached to four different groups. He called such a carbon atom an 
“asymmetric carbon atom”. 

If such changes are brought about in the molecule of an optically active 
substance that there is no longer an asymmetric carbon atom present in the 
newly formed molecule, the optical activity disappears, as is shown by the 
following example. The laevo-rotatory pentanol was converted into a pentyl 
iodide, which was also optically active, by treatment with hydriodic acid: 


CH,\ /H 

C + HI 

CjH*/ \CH,OH 
active 


CH,\ /H 

C 4* H t O. 

c,h 6 / \ch,i 

active 
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By reduction with zinc and hydrochloric acid, this active pentyl iodide 
was converted into the corresponding hydrocarbon, 2-methylbutane, which 
was optically inactive. On the other hand, when the optically active pentyl 
iodide is treated with ethyl iodide and sodium, an optically active heptane 
(3-methylhexane) was produced: 


H 3 C\ /H ch 3 \ /MI 

C 4-2II— C + HI 

H 5 C 2 ^ \CH 2 I C,Hj/ \ch 3 

active inactive 

1 CH 3 \ /MI 

+ C.H.I + 2i\a — 2XaI + C 

c 2 h 5 ^ \ch.,ch 2 ch 3 . 

active 


Why is it now that molecules in which a carbon atom occurs combined 
with four different groups, must have an asymmetric structure? To explain 
this Van *t Hoff introduced a hypothesis regarding the directions of the 
bonding forces originating from the carbon atoms. He points out that the 
directions of these bonds in a molecule of methane cannot be situated in 
a flat plane because there would then be the possibility of drawing up two 
isomeric configurations for a di-substituted derivative of methane (CH 2 R 1 R 1 ), 
which should be parallelled with a difference in properties: 


II 

1 


R i 

1 

—C—H 

1 

H 

R x —C—H 

H—C— 

1 

H 

R i 


Phenomena which would indicate the presence of such isomers have 
never been found among di-substituted derivatives of methane, however. 
Van *t Hoff now assumes a three-dimensional distribution of the bonding 
forces of the carbon atom and in such a way that the bonding forces or 
valency bonds are directed towards the corners of a tetrahedron with the 
carbon atom situated at the centre. 

In methane itself the arrangement of the four equivalent hydrogen atoms 
around the carbon atom will be such that the configuration of a regular 
tetrahedron is produced (Fig. 13). The same holds in general for a substance 
of type CX 4 , in which X represents a univalent atom or a univalent group. 
Both the distances between C and X and the angles between the four 
directions CX are mutually equivalent. 

If however a hydrogen atom in CH 4 is replaced by the group R 4 (Fig. 14), 
the tetrahedral configuration which is produced, will have a lower symmetry 
than in the first case. The distance from R 4 to the C-atom will in general not 
be the same as the distance between a H-atom and the C-atom. Such a 
figure has a trigonal axis of symmetry (the line CR X in Fig. 14) and can 



CH. 7 


6 o COMPOUNDS WITH ONE FUNCTIONAL GROUP 

be covered by its mirror image. Hence a compound of type TO cannot 

occur in isomeric forms. substituted by a group R 2 , further 

If now a second distances {rom the central carbon atom to the 

alterations will occur in t the ang l e s between the directions 

surrounding groups and in princip configuration stiU has a plane of 

tZZZZZZ c - R -’' “ “ e ”' *■” - 

identical with its minor image f or the tetrahedral model of 

Hence only with the experience that 



substituents; arrange 
ment for a regular 
tetrahedron 



Fig. 16. Methane with 
three substituents; irre¬ 
gular tetrahedron. Isome¬ 
ric forms possible 


© 



Fig. 14. Methane with one 
substituent; trigonal axis 
of symmetry. No isomeric 
forms possible 



Fig. 15. Methane with two 
substituents; irregular 
tetrahedron. No isomeric 
forms possible 



Methane with four substituents; mirror images 
arrangement for irregular tetrahedra. Isomeric 

forms possible 


When a third hydrogen atom is replaced by a group R 3 , however an 
irregular tetrahedral configuration (Fig. 16) is produced. In this case both 
the distances C-H, C-R lf C-R 2 and C-R 3 . and the angles between 
these bond directions are mutually different. This figure possesses no plane 

of symmetry nor even a centre of symmetry. 

Thus for a molecule of the type CHR^Ra or in general CR 1 K 2 K 3 K4 f 
two mirror image configurations (Fig. 17 and 18) can be drawn, which cannot 
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be made to fit over each other. It is impossible to put both models into 
such a position that all the similarly named groups coincide. 

A chemical compound, the molecule of whichcontainsanasymmetriccarbon 
atom in the sense of Van *t Hoff’s hypothesis, will therefore be capable of 
existing in two isomeric forms agreeing with the two noncongruent mirror 
image forms of the molecule. The fundamental relationship between mole¬ 
cular asymmetry and rotation of the plane of polarisation can be derived 
from the electromagnetic theory of light. Taking this relationship as granted, 
it is then understandable that the one mirror image form rotates the plane 
of vibration of the polarised light to the right, the other mirror image form 
rotating it exactly the same amount to the left. Indeed, the nature of the 
groups of atoms on which the numerical value of the rotatory power depends, 
is the same in both kinds of molecule. The order of these groups in the two 
space models is different however; therefore, the action which the field 
of force of the molecule exerts on the beam of polarised light, is exactly 
opposite in direction for the two mirror image forms. Properties such as 
boiling point, solubility, vapour pressure, specific gravity, heat of combus¬ 
tion, are indicated by a figure only; in these cases there is no question of a 
direction (scalar properties). In all cases where these physical constants 
for optical antipodes have been accurately investigated exactly the same 
value has been found. 

Optically inactive 2-methylbutanol-i consists of a mixture of equal parts 
of dextro- and laevo-rotatory forms. Since these antipodes have the same 
boiling point, solubility, etc., a mixture of equal parts of the two will behave 
in most operations like a pure substance; indeed the usual methods of separa¬ 
tion just depend on a difference in these properties. Later on we shall learn 
of methods by which a mixture of optical antipodes can be resolved into the 
optically active components (138). As regards chemical reactions optical 
antipodes behave exactly alike, except in the case where the reacting 
substance itself has an asymmetric structure. 

From the above, the theory of Van ’t Hoff-Le Bel gives a complete 
explanation of the isomerism phenomena observed with 2-methylbutanol-i 
and very many other substances. 

The essential of this theory is that a definite direction is allotted to the 
bonding forces of the carbon atoms, which in methane and its derivatives 
leads to a tetrahedral arrangement. Since the arrangement of the atoms in 
a space model of the molecule is being considered, one speaks of stereochemical 
structure or stereostructure. Isomers which are distinguished by a difference 
in the arrangement of the atoms in space, are called stereoisomers. Stereo¬ 
isomerism does not arise exclusively with optically active substances; later 
on we shall learn about other kinds of stereoisomers (126, 140) and see again 
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how stereochemical theory can provide an explanation of the phenomena. 

The general condition for the occurrence of optical antipodes is that the 
molecule shall contain neither a plane nor a centre of symmetry; only when 
these elements of symmetry are missing can the molecule occur in two 
noncongruent mirror images (Pasteur’s principle of molecular dissymmetry). 
The arrangement of four different groups round an asymmetric carbon atom 
(in the sense implied by Van ’t Hoff and Le Bel) is one of the ways in 
which this condition can be fulfilled. In section 92 we shall be discussmg 
compounds in which these elements of symmetry are still missing, so that 
they can occur in noncongruent mirror images, although their molecules 

contain no asymmetric carbon atom. 

When tlie electronic formula of methane (22) is set out in a tetrahedral 

model the nucleus of the carbon atom is placed at the centre of gravity 
of the tetrahedron and a pair of electrons which bring about combination 
with a proton, are found at each corner. The electronic formulae of other 
saturated aliphatic compounds are represented in the same way in three- 
dimensional models; the pairs of electrons are always arranged tetrahedraUy 

around the nuclei of the C-atoms. 

It is to be expected that optical activity may also occur in compounds 
in which an atom of another element, combined with four different groups, 
is present in place of an asymmetric carbon atom. We shall discuss optically 
active compounds in which the asymmetry of the molecule is caused by an 
“asymmetric nitrogen atom” or by “asymmetric atoms” of silicon, phos¬ 
phorus (139), sulphur, tellurium (see 141). 

The theory of Van ’t Hoff and Le Bel on the tetrahedral structure of the alkanes 
and their derivatives has been confirmed by modem physical investigations on 
molecular structure. The distances between the atomic nuclei in a molecule can be 
derived from: 

1. X-ray analysis of crystals, 

2. measurements of the interference phenomena caused by electron diffraction with 
gaseous molecules of simple structure, 

3. measurements of the infra-red absorption spectrum of substances with molecules 
containing a small number of atoms. 

In this case use is made also of the Raman spectrum. 

Not only can the distances of the atomic nuclei be derived from these measurements 
but also the size of the angles between the bonding forces (valency bonds); in this 
connection use is also made of measurements of the dipole moment. In calculating 
atomic distances and bond angles by these methods, the structure of the molecule derived 
from chemical reactions is taken into account; it is found that the results of physical 
measurements arc in excellent agreement with the molecular models based on organic 
chemical structure theory. The physical measurements have taught us the dimensions 
of the molecule. 

The atomic distances found by different methods are in good agreement. 
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Distance between atomic nuclei 

Length in 

10- 8 cm. (A) 

C — C bond in diamond 

1.54 

C — C „ „ graphite 

1.42 

C — C „ „ alkanes 

1.54 

C = C „ „ alkencs 

1.34 

C EE C „ „ ethyne 

1.20 

C — H „ „ methane 

1.09 

C — H „ „ ethene 

LOG 

C — F „ „ fluorometliane 

1.4 

C — Cl „ „ chloromethane 

1.7 

C — Br „ „ bromomethane 

1.9 

C — I „ „ iodomethane 

2.1 

C = O „ „ urea 

1.25 

C = O „ „ carbon oxychloride 

1.25 


For the alkanes it has been found that the angles between the directions of the 
bonds differ but slightly from 109° 28', the value which follows from the tetrahedral 
model for methane. 

From measurements on electron diffraction, Pauling and his co-workers find 
1 110 3° r f° r angle between the C—C bonds in propane and isobutane. Substitution 
of a halogen atom causes no significant alteration. In CH 3 CH 2 C1 the angle between 
the C Cl bond and the C—C bond is iii°3o'; in CH 2 C1 2 the angle between the 
C—Cl bonds is 112 0 . 

From the X-ray analysis ot crystalline w-nonaeicosane, C 29 H 60 , it follows that the 
carbon atoms lie in a flat plane in the form of a zig-zag chain. The angles between 
the C—C bonds is 109°; the distance between two successive C-atoms is 1.54 A, the 
distance between the 1st, 3rd, 5th, etc., C-atom amounts to 2.54 A (A. Muller). 

In the examination ot crystalline higher fatty acids such as lauric acid and stearic 
acid (74) long zig-zag chains have again been found with C—C distances of 1.54 A 
and angles of 109°. 



From Fig. 19, it appears that the length of the carbon chain increases by 1.27 A 
for each CH 2 -group (compare 74 and 79). 
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38. Many compounds are known in inorganic chemistry which contain a 
hydroxyl group, e.g. the bases, which are able to form salts with acids 
with the elimination of water. A similar reaction is known with the organic 
hydroxyl-compounds, the alcohols, which also react with acids with the 

elimination of water: 


M OH4-H R : 

nlknnol acid 


MK + HOH. 


ncter 


The compounds which are produced in this way are called esters. There 
is however a great difference in the reaction velocity between the formation 
of a salt from an acid and a base, and the formation of an ester from an 
acid and an alcohol. A solution of an inorganic base in water contains 
hydroxyl ions; the reaction with the similarly ionised acid takes place 
between the ions. Such ionic reactions take place very rapidly. An aqueous 
solution of an alcohol does not react alkaline and it does not conduct an 
electric current; thus alcohols are not ionised in solution and are completely 
different in this respect from inorganic bases. The formation of an ester from 
an alcohol and an acid takes place therefore between the undissociated 
molecules. In general, such reactions take place much more slowly than 
reactions between ions. 

There exists an analogy between bases and alcohols in one other respect. 
Many bases can lose water and are then converted into anhydrides or 
oxides. Thus by splitting off a molecule of water from two molecules of 
alkanol compounds of the type C n H 2n +i—O—C n H 2n+I are produced, these 
substances are called ethers. 

39. Halogenoalkanes {Alkyl halides). These compounds may be considered 
as esters of alkanols and hydrogen halides, as appears from their method 
of formation: 

CnH 2 nul OH + H |X —> C n H 2n+ l X + H 2 Q. 


The alcohol is saturated with dry hydrogen halide and the mixture warmed. 
The alkanol may also be heated with a concentrated solution of the acid 
in water with the addition of calcium chloride if the chloro-compound is 
being prepared; the halogeno-alkanes then distil over. 

The action of phosphorus halides on alcohols (see 28) is frequently employed 
for the preparation of halogenoalkanes. Because in many cases this reaction 
takes place with considerable violence, for preparing alkyl bromides or 
iodides it is usual to start from phosphorus and bromine (or iodine) separately 
rather than from PBr 3 or PI 3 . As an example, red phosphorus is added to 
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ethanol in which it does not dissolve, and then bromine is added slowly 
drop by drop with cooling; the bromine forms PBr 3 with the phosphorus, 
which then reacts with the alcohol: 


3 C,H 5 OH + PBr 3 >- HjPO s + 3 C,H 5 Br. 

The ethyl bromide (b.p. 38.4°) is then distilled off. 

The halogenoalkanes are only very slightly soluble in water but readily 
soluble in many organic liquids; the lower members have a pleasant 
ethereal smell. 

Table 11 below gives some of the physical properties of the normal halogeno¬ 
alkanes. 


TABLE II 

SOME PHYSICAL CONSTANTS OF HALOGENO-ALKANES 


Alkyl group 

Fluor¬ 

ide 

Chloride 

Bromide 

Iodide 

B.p. 

B.p. 

M.p. 

Spec. 

grav. 

0 ° 

B.p. 

M.p. 

Spec. 

grav. 

0 ° 

B.p. 

M.p. 

Spec. 

grav. 

0 ° 

rlethyl CH 3 

—78.4° 

—24.1° 

— 97.7° 

0.952 

3.4° 

— 93.7° 

1.7 

42.3° 

— 66.1° 

2.335 

ithyl C 2 H 6 

—32° 

12.3° 

—138.7° 

0.921 

38.4° 

—119.0° 

1.501 

72.3° 

—110.9° 

1.984 

t-Propyl C 3 H 7 

— 3° 

46.4° 

—122.8° 

0.914 

70.8° 

—109.8° 

1.386 

102.4° 

— 98.7° 

1.784 

i-Butyl C 4 H„ 

32.5° 

78.5° 

— 123.1° 

0.905 

101 .6° 

—112.4° 

1.303 

130.4° 

— 103° 

1.648 

i-Pentyl C s H n 

62.8° 

105.7° 


0.897 

127.9° 


1.243 

153.3° 


1.538 


Chemical properties. The halogenoalkanes show a big difference from the 
halogeno-compounds of the metals in their action on silver nitrate. In 
aqueous alcoholic solution the latter give immediately a quantitative preci¬ 
pitate of silver halide. On the other hand, the silver halide is precipitated 
by silver nitrate only very slowly from a solution of the alkyl halides, the 
alkyl iodides reacting considerably more rapidly than the alkyl chlorides. 
This indicates also that a solution of an alkyl halide is not ionised or only 
to a very small extent. 

Methyl and ethyl chlorides bum with a green-mantled flame by which 
these substances can be recognised; the other lower alkyl halides, such as 
ethyl bromide and iodide, are difficult to bum. 

The halogeno-compounds can be converted one into the other. Thus alkyl 
iodides, for example, can be obtained by heating the chlorides with KI, 
Cal 2 , etc. These reactions, however, are frequently incomplete. The alkyl 
iodides especially are frequently used to introduce alkyl groups into organic 
compounds. 
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The halogen atom can be replaced by hydrogen with the regenerate 
o{ the corresponding hydrocarbons. C„H 2nt2 . by reducing agents such as 
2 inc and hydrochloric acid, sodium amalgam and water, or by heatmg 

with hvdriodic acid and red phosphorus. .j 

Ukyl fluorides arc produced by the action of anhydrous hydrogen fluoride 

on alcohols and can be prepared by heating alkyl iodides with mercurou 

fluoride (Swarts). The primary alkyl fluorides do not react or they react 

only very slowly with alcoholic alkali. 

40. Esters of other mineral acids can be prepared by various methods: 

a) Alkyl nitrates are produced by the action of nitric acid on the absolute 

alcohol: 

C,H s OH + HO NO,—> H ,0 + C 2 H 5 0 N 0 2 . 
alcohol nitric acid ethyl nitrate 

b) Alkyl sulphates are produced by the action of an alkyl halide on silver 
sulphate: 

AgjSO, + aC,H»I —> (C 2 H 5 ) 2 S 0 4 + sAgl. 

ethyl sulphate 

c) Alkyl phosphates are produced, for example, by the action of the chlorides 
of the phosphoric acids on alcohols or alcoholates. 


POCl 3 + 3 NaOC s H 6 

chloride of 
phosphoric acid 


PO(OC 2 H 5 ) 3 + 3 NaCl. 

neutral ethyl 
phosphate 


The alkyl esters of sulphuric acid are frequently used for chemical syntheses. 
The acid esters C n H 2n+ « 0 S 0 2 0 H, which are also called alkylsulphuric acids, 
are produced by the action of concentrated sulphuric acid on alcohols, m 
which reaction a state of equilibrium is attained. In order to separate these 
acid esters from the remaining free sulphuric acid, use is made of the barium 
or calcium salts, which are readily soluble and therefore easy to separate 
from the insoluble barium sulphate after the reaction product from the alcohol 
and sulphuric acid has been neutralised with barium carbonate. 

Ethylsulphuric acid, which can be obtained in a free state from the barium 
salt by adding the calculated quantity of sulphuric acid, is an oily liquid, 
miscible with water in all proportions and having the characteristics of a 
strong acid. This substance is split up into alcohol and sulphuric acid in 
dilute aqueous solution, slowly at ordinary temperatures and rapidly at 
higher temperatures. The salts of the alkylsulphuric acids crystallise well. 

The neutral esters of sulphuric acid, e.g. dimethyl sulphate (CH 3 ) 2 S 0 4 
and diethyl sulphate (C 2 H 6 ) 2 S 0 4 are frequently used for introducing methyl 
groups or ethyl groups. They are oily liquids, immiscible with water. 
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Dimethyl sulphate (b.p. iSS°) is prepared by distilling methylsulphuric 
acid in a vacuum: 

2 CH 3 OSO.OH —> (CH 3 ) 2 S0 4 + h 2 so, . 

Dimethyl sulphate is very poisonous; it causes burns on tlie skin and 
attacks the respiratory organs. 


ETHERS 

41. These compounds, which are isomeric with the alkanols, are formed by 
the action of alkanolates on halogenoalkanes (Williamson synthesis): 

CnHon+nOjXa-f ijc ml I2111+1 ^ 0 nIEn+l O C mlloru+l "i‘ Nal. 

The structure follows from this synthesis and it also follows that the metal 
atom in the alkanolates occupies the same position as the hydrogen atom 
in the hydroxyl group. If the sodium atom in sodium methylate were 
attached to carbon, thus NaCH 2 OH, propanol would be produced by the 
action of ethyl iodide: C.,H 5 I -f Na CH 2 OH, which is not in agreement 
with experiment; the compound produced, methyl ethyl ether or methoxy- 
ethane, shows none of the properties of an alcohol. 

Nomenclature. The ethers are considered as alkanes substituted by alkoxy- 
groups: e.g. CH 3 OC 2 H 5 , methoxyetliane; CH 3 OCH 3 , methoxymethane; 
C 2 H 5 OC 5 H u , ethoxypentane. Ethers with two similar alkyl groups are 
usually named after the alkyl groups, like dimethyl ether, etc. Ethers with 
two dissimilar alkyl groups, C n H 2 n+iOC m H 2 m+i, are called mixed ethers. 

Diethyl ether is prepared technically and also in the laboratory from 
alcohol and sulphuric acid. On warming a mixture of these two substances 
in certain proportions to about 140°, ether is formed and distils from the 
mixture. Alcohol is then allowed to run in slowly and the formation of ether 
continues. 

To explain this method of formation it is assumed (Williamson) that 
elhylsulphuric acid is first formed, which then reacts with a second molecule 
of alcohol to produce ether and regenerate sulphuric acid: 

c 2 h 5 oh + hoso 2 oii c 2 h 5 oso 2 oh + h,o 
C 2 H 6 |dsd 2 dH + H jOC 2 H 5 —>c 2 h 5 oc 2 h 5 + h 2 so 4 . 

If another alcohol instead of ethanol is added in the second stage of the 
reaction, i.e. shortly before the distillation of ether begins, a mixed ether 
is formed: 

C 2 H 5 S0 4 H + HOC 6 H n —>- CoHiOCsHi, + H 2 S0 4 . 

ethoxypentane 

This experiment supports the opinion that the reaction actually takes place 
in two stages. 



76 


COMPOUNDS WITH ONE FUNCTIONAL GROUP 


CH. 7 


Although the sulphuric acid is regenerated in the preparation of ether 
by this method, it is not possible to convert unlimited amounts of alcohol 
into ether with a limited amount of sulphuric acid. The water formed n 
the reaction partly distils over with the ether and part remains behind in 
the reaction vessel where it is held fast by sulphuric acid; when the water 
content of the mixture in the reaction vessel rises above a certain limit, 
the formation of ethylsulphuric acid stops and the formation of ether is 
prevented. Simultaneously side-reaction occur; the sulphuric acid acts as 

an oxidising agent and sulphur dioxide is produced. 

The formation of ether from alcohol is a reversible process. By heating 
diethyl ether with an excess of water and a little sulphuric acid it takes up 
a molecule of water and is split up into ethanol: 


C,H 6 OC.H 5 + HjO zCjHjOH. 

This reaction is facilitated catalytically by certain inorganic salts like copper 
sulphate and ferric sulphate, so that ether is formed by heating alcohol with 
one of these substances to 160-200° (Van Alphen). According to a method 
discovered by Senderens, ethers can be prepared by passing alcohol vapour 
over aluminium oxide or aluminium sulphate at 240-260°. This method 
is suitable for the preparation of dimethyl ether; mixed ethers can also be 

obtained in this way. 

The action of sodium alcoholate on a primary alkyl halide in many cases 
gives good yields of both simple and mixed ethers. 

The electronic formula of an ether is represented as follows: 


R. : O : R 2 (R„ R 2 = alkyl residues]. 

• • 

The oxygen atom in an ether molecule has two lone pairs of electrons. 

Diethyl ether is a colourless, very mobile liquid; boiling point 34.6°, 
melting point —116.3°, spec. grav. 0.7199 (dJJ). As a consequence of the 
low boiling point, ether is very volatile; since the vapour is extremely 
inflammable (with a luminous flame) and can give an explosive mixture 
with air, great care must be taken with this substance. The ethers have a 
characteristic “ethereal’' odour. When the vapour of diethyl ether is breathed 
continuously unconsciousness is produced, hence the use of ether for 
anaesthesia. Ether is miscible with alcohol and is slightly soluble in water, 
at 20° 100 grams of water dissolve 7.5 grams of ether, while 100 grams of 
ether dissolve 2.7 grams of water at the same temperature. 

In the laboratory, ether is an indispensible liquid for dissolving and re¬ 
crystallising numerous compounds or for extracting them from solution in 
water. Diethyl ether is used also in industry as a solvent and as an extraction 
medium. Unlike the alcohols, the ethers are inert towards sodium and 
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phosphorus pentachloride. Alkyl halides and water are produced by heating 
ethers with anhydrous hydrogen halides. Dry hydrogen iodide reacts with 
ethers already at ordinary temperatures according to the equation: 

C,H 5 OC 2 H 5 + 2HI —> 2C .H 5 I + H 2 0 ; 

ethers are not attacked by alkalis. 

In time, diethyl ether is oxidised to a small extent by the oxygen in the air at 
ordinary temperatures with the formation of explosive compounds having the proper¬ 
ties of peroxides. 

Dimethyl ether and dry hydrogen chloride combine at low temperatures to an 
addition-product of the composition (CH 3 ) 2 0,IIC1, which breaks down again into 
its components above o°, however. 

Association. When the boiling points of the ethers are compared with those of 
the normal primary alcohols with the same number of carbon atoms (Table 12 ), 
it is apparent that the boiling point of an alcohol lies much higher than that of the 
ether, which is isomeric with it. 

TABLE 12 


BOILING POINTS OF ETHERS AND H-ALCOHOLS (SAME NUMBER OF C-ATOMS) 


Ether 

B.p. ' 

Alcohol 

B.p. 

Dimethyl ether 

c 2 h 6 o 

—23.6° 

ethanol 

78.3° 

Diethyl ether 

c 4 h 10 o 

34.6° 

butanol -1 

117.7° 

Di-n-propyl ether 

C a H 14 0 

90.7° 

hcxanol -1 

155.4° 

Di-w-butyl ether 

c 8 h 18 o 

141° 

octanol -1 

195.5° 


Also the M-alkyl chlorides (Table 11 , p. 73 ) boil much lower than the corresponding 
alcohols. On the basis of observations on the alteration of the surface tension with 
the temperature or of measurements of the viscosity, it is assumed that in liquid 
alcohols the molecules are partly combined together to form aggregates, according 
to a statistical distribution between single molecules and aggregates of two, three 
or more molecules. This phenomenon called association, occurs in compounds containing 
hydroxyl groups. 

Associated liquids show a deviation from Trouton’s law. According to this law 
there exists an empirical relationship 21 between the molecular heat of vapour¬ 
isation (i.e. the latent heat of evaporation calculated per grammolecule) and the 
absolute boiling temperature T. This ratio of Trouton amounts to 20—22 for a number 
of non-associated liquids, but is about 26 for water and alcohols. 

The lower members of the series ot alkane-carboxylic acids (67), e.g. formic acid 
and acetic acid, are strongly associated. This association differs from that of the 
alcohols in so far that in these acids aggregates of two molecules are formed. The 
vapour density of acetic acid at the temperature of the boiling point is twice as large as 
is required by the lormula C 2 H 4 O a ; only at a temperature of about 250 ° is the normal 
vapour density observed. A large proportion of the acetic acid is still present in the 
form of double molecules also in a solution in a hydrocarbon, e.g. benzene, as is evident 
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from crvoscopic determinations. The esters of these carboxylic acids ( 77 ), however, 
ire not or only very slightly, associated: it appears from this that the phenomenon 

of association is connected with the presence of hydroxyl groups. 

For the carboxylic acids it is assumed that the hydrogen atom of the hydroxyl 
group forms an electrostatic bond with the doubly bound oxygen atom of the COOH- 
group so that the dimer of formic acid is represented as follows: 

^O—H— 

H—C C—H. 




(Hi) ALKYL ATTACHED TO SULPHUR 

42. Elements in the same column of the periodic table show great similarity 
as is apparent from the study of inorganic chemistry. The mutual similarity 
and the graduated differences are very clearly apparent also in organic 
derivatives of these elements. The comparison of oxygen compounds with 
sulphur compounds of similar structure may well serve as a demonstration 

of this. . . , 

The alcohols and the ethers may be considered as having been derived 

from water by replacing one or both hydrogen atoms by alkyl. The corres¬ 
ponding sulphur compounds may be derived in the same way from hydrogen 
sulphide; thus they are represented by: 

CnlEn + lSH and CnUin+lSC m H2m+l • 

The former bear the name of thiols, the latter that of thioethers. The 
similarity of these compounds to the alcohols and ethers is apparent from 
their method of formation; if KSH instead of KOH is allowed to react with 
an alkyl halide, a thiol is formed: 

C pH 2 n+li X + KSH — >■ C nH*»n+lSH + KX. 

Like the alkanols the thiols have a hydrogen atom in their molecule which 
is replaceable by metals. It is obvious that this is the hydrogen atom 
attached to the sulphur. As in the method of formation of ethers from alkyl 
halides and alcoholates, thioethers are produced by the interaction of 
alkyl halides and the metal derivatives of thiols. 

Comparing the alkanols with water, a neutral compound, and the thiols 
with hydrogen sulphide, a weak acid, the alcohols are neutral compounds 
while the thiols have an acid character. The alkanols do not give alkanolates 
with heavy metal bases whereas the thiols form thiolates. An alkanol, 
which is sparingly soluble in water, e.g. pentanol does not dissolve in dilute 
alkali. Thiols, which are insoluble in water, dissolve readily in alkali with 
the formation of thiolates. 
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43. Thiols or mcrcaptans. These compounds can be obtained by the action 
of P 2 S 5 on alcohols: 

5 C n H2n+lOH + PoSj —> 5 C n H2n+lSH + P2O5 . 

or by distillation of a solution of potassium alkylsulphate with potassium 
hydrogen sulphide: 

C 2 Hs'osb^K -Tk'sH —>• C 2 H s SH + I< 2 S0 4 . 

or by leading hydrogen sulphide charged with alcohol vapour over thorium 
oxide, Th 0 2 , at 300-350°. 

They are liquids, almost insoluble in water, with considerably lower 
boiling points than the corresponding alkanols; methanethiol, for example, 
boils at 6°, methanol at 66°. The lower boiling points of the thiols indicate 
that these compounds are not associated in the liquid state (cf. 41). 1 he 
thiols are characterised by an extremely unpleasant smell; small traces 
which cannot be detected chemically are still recognisable by this means. 

Many metal derivatives of thiols ( thiolates or mercaptides) are known, 
some of which are well crystallised, e.g., the thiolates of mercury, which are 
produced by the action of thiol on mercuric oxide. The thiol is liberated 
again from the thiolate by mineral acids. The name mercaptan is derived 
from “corpus mercurio aptum”, which refers to the formation of the 
crystalline mercury salts of the thiols. 

44. Thioethers. These compounds can be obtained by treating salts of alkylsulphuric 
acids with potassium sulphide, as well as by the method given in 42: 

2 C,H 6 [OSOJ < + K 2 'S—> (C 2 H 6 ) 8 S + 2K 2 S0 4 . 
potassium ethylsulphate 

When thiols are passed in the vapour phase over cadmium sulphide heated to 300 °, 
thioethers are produced along with hydrogen sulphide (Senderens). They are inert 
compounds, which when not quite pure give off an offensive odour. This may be 
removed by heating with copper powder. 

The thioethers are liquids; they do not dissolve in water. They give double compounds 
e.g. (C 2 H 5 ) 2 SHgCl 2 , with some metallic salts. 

2 , 2 -Dichlorodiethyl sulphide, used in the 1914—1918 war under the name of mustard 
gas, is produced by the interaction of ethene and sulphur chloride: 

2 C 2 H 4 + S 2 C1 2 —>■ (CH 2 C1CH 2 ) 2 S + S. 

The vapours of this liquid boiling at 217 0 , which have a faint characteristic odour, have 
a destructive effect on the respiratory organs. The liquid itself causes serious burns 
on the skin, while the substance has a high penetrating power for animal tissues and 
splits off hydrochloric acid in these tissues. Since the isomeric 1,1-dichlorodiethyl 
sulphide, (CH 3 CHC 1 ) 2 S, does not possess this property, it is non-injurious. 

The thioethers have the remarkable property of combining with a molecule of alkyl 
iodide to give compounds easily soluble in water and having the properties of salts. 
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(C ,H s ) 3 SI. These compounds are called sulphonium ioHies, on treatment with 

moist silver oxide the iodine is replaced by hydroxyl: 

(C 2 H 5 ) s SI + AgOH—>(C jH 5 ) 3 SOH + Agl. 

zssxstxzrzttz 

carbon dioxide from the air and giving salts with acids. 

' Thc structure of these sulphonium compounds can be expressed satisfactor y y 

elec ron c formulae. Since a sulphur atom has six electrons m the ouermos hellthe 
sulphur atom in a thioether has two lone pairs of electrons. On the addition of a 
molecule of alkyl iodide the alkyl residue gives up an electron to the iodine atom* 
t 7 usgiving an iodide ion; one lone pair of electrons on the sulphur atom is employed 

in combination with the alkyl residue: 

h i + rv~ 

C.H s :S:C 2 H s +H:C:i:— C 2 H s :S:C a H 6 • 

H" CH 3 _ _ J 

Thus the constitution of these sulphonium compounds is similar to that of the 
rnmrnunds 1 * 26 ) • for optically active sulphonium ccmpounds see 141. 
° H^e^^ is'slJwly oxidised by atmospheric oxygen The same applies 
to the thiols which are converted into dilhioalkanes, e.g.. dxthio-dxethane (<diethyl 
disulphide). C 2 H 5 SSC 2 H 5 . The hydrogen which was attached to sulphur is removed 
bv oxidation This opinion is confirmed by the formation of the same compound by 
warming potassium cthylsulphate with K 2 S 8 , so that the disulphides have the structure 

Sh Thc ^dialkylsulphoxides, CnH2n+1 ^ so , are produced by oxidising thioethers with 

C uHsq+I^ , 1 • 

nitric acid. Their structure follows from the fact that they are easily reduced again 

to thioethers; if the oxygen were attached to carbon, this would not be the case, 

since neither alcohols nor ethers lose their oxygen by gentle reduction. 

C n H2n+i\ 

The dialkylsuiphoftes are compounds to which the structure CnHon+i ^° 2 13 aS " 

cribcd (see 45 ). They are produced by more powerful oxidation of the thioethers 
or by oxidising sulphoxidcs. They are not reduced by nascent hydrogen. 

The electronic structure of the sulphoxides. like that of the amxne-oxxdes ( 49 ) 
must be so conceived that the bond between S and O is semipolar. 


.. + 

R.rSiRj 
* • • 

: O:— 


R x —S—R s . 


In the sulphones both oxygen atoms are held by semipolar bonds: 

O 

t 

Ri—S Rj. 

i 

45 . Alkancsuiphonic acids. The sulphonic acids arc produced by the powerful 
oxidation of thiols (with nitric acid). They have the formula C n H 2 n+iS0 3 H. The 
alkyl group remains intact in this oxidation; the salts of these sulphonic acids are 
also produced when a sulphite is allowed to react with an alkyl iodide: 

C.Hjl + K'SO.K—>- KI + C t H 4 SO,K. 
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Since sulphur is attached directly to carbon in the thiols, it must be assumed 
that this is the case for the sulphonic acids also,which is confirmed by the fact that 
they can be reconverted into thiols by reduction. Hence the structure of ethane 
sulphonic acid is CH 3 CH 2 S0 3 H. 

The alkanesulphonic acids are strongly acid, very hygroscopic, crystalline com¬ 
pounds, which are very easily soluble in water. 

In the compounds C n H 2 n +iS0 2 Cl, called alkane sulphonyl chlorides, the Cl-atom is 
replaced by hydrogen by treatment with hydrogen in a nascent state; the compounds 
so obtained, C n H 2 n+I S0 2 H, are called alkanesulphinic acids. When an alkyl halide 
is allowed to react on the sodium salt of a sulphinic acid, a sulphone ( 44 ) is produced : 

C s H 6 S0 2 Na -f- BrC 2 H 6 —>■ C 2 H B S0 2 C 2 H 5 + NaBr. 

The structure of these compounds follows from this reaction. 


(iv) ALKYL ATTACHED TO NITROGEN 


(a) Amines 


46. By (unities is understood, in general, compounds which may be regarded 
as being derived from ammonia by replacing one or more of the hydrogen 
atoms by hydrocarbon residues. In this chapter we shall discuss the alkyl- 
amines, which were discovered by Wurtz in 1848 (155). 

Nomenclature and isomerism. Amines with one nitrogen atom are con¬ 
sidered as derivatives of ammonia and not as alkanes in which hydrogen 
is replaced by the group NH 2 . They are denoted by the suffix ine, which 
is distinctive for all basic substances containing nitrogen. According to 
whether one, two or three of the hydrogen atoms in ammonia are replaced 
by alkyl, the amines are designated primary, secondary or tertiary. 


r—nh 2 

Primary 


R\ 

NH 

R/ 

Secondary 


R—N. 
R'' 

Tertiary 


In the above formulae R is an alkyl residue; in secondary and tertiary 
amines the alkyl residues may be the same or different. The compounds 
NR 4 OH, analogous to NH 4 OH, ammonium hydroxide, bear the name of 
quaternary ammonium bases, the salts (NR 4 )X, in which X is a monovalent 
anion, are called quaternary ammonium salts. 

Isomerism in the amines may depend on branching of the carbon chain, 
cn the primary, secondary or tertiary configuration of the nitrogen atom 
and cn both these causes acting together. A compound C 3 H 9 N, for exam¬ 
ple, may be primary: propylamine CH 3 CH 2 CH 2 NH 2 or fsopropylamine 


(CH 3 ) 2 CHNH 2 , secondary: 


methylamine 


ch 3X 

CHj-N. 

CHj/ 


methylethylamine 


ch 8 \ 
c 2 h, 


nh, or tertiary: tri- 
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47 . Methods of formation. When ammonia is heated with an alkyl halide 
in alcoholic or aqueous solution, the following reaction takes place (A. W. 

von Hofmann 1850): 

r ^ H 1 

C n H 2n+ lCl + NHj-» CnHjjn+l — “ I CL 


The alkyl chloride, for instance, adds on to the ammonia with the production 
of the hydrochloride of a primary amine, in the same way as ammonium 
chloride is formed from NH 3 and HC 1 . The excess of ammonia present part- 
ially liberates the primary amine from the hydrochloride, C n H 2n+ iiNH 2 ill , 
and this then reacts in the same way with alkyl chloride: 

r ^ H_ 

C n H 2 n + lNH 2 + C n H 2 n+ lCl- (C n H 2n+ i) 2 -N Cl. 


The secondary amine also is partially liberated from the resultant hydro¬ 
chloride and reacts further with the formation of a tertiary amine; finally, 
the tertiary amine adds on alkyl chloride and gives a quaternary ammon¬ 
ium salt: 

(C n H 2 n+i).NH + C n H 2n +iCl —> [(C n H 2 n+l)s—^ H 3 C1 
(CnHun+lhN + C n H 2n +lCl—► [(C n H 2n +l)«=>d Cl. 

In general the process proceeds in these four stages for any ratio of alkyl 
halide and ammonia. Hence the result is that primary, secondary and 
tertiary amine and quaternary ammonium salt are produced together. 
Sometimes it is possible to adjust the ratio of ammonia to alkyl halide, the 
duration of the reaction, etc., so that a particular amine is produced as the 
main product. Also the nature of the alkyl group has a great effect on the 

composition of the reaction product. 

Salts of primary, secondary and tertiary amines are decomposed by 
alkali; quaternary ammonium salts are not. Therefore when a mixture of 
amine salts and a quaternary ammonium salt is made alkaline and distilled 
in steam, the primary, secondary and tertiary amines distil over and the 

quaternary compound remains behind. 

Various methods exist for obtaining primary amines uncontaminated 
with secondary and tertiary amines; see 78. Pure dimethylamine can be 
obtained from p-nitrosodimethylaniline (237). 

Basic character of the alkylamines. The most characteristic property of 
the amines is that they can combine additively with acids to form salts like 
ammonia. The methyl- and ethyl-amines are very readily soluble in water. 
At the same molar concentration the solutions show a higher conductivity 
for an electric current than solutions of ammonia; hence the amines are more 
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strongly basic. The presence of bases such as [H 3 CNH 3 ]OH, [(H 3 C) 2 NH 2 ]OH, 
etc. may be assumed in solutions of primary, secondary and tertiary amines. 
While ammonium hydroxide, NH 4 OH, is not known in a free state, quater¬ 
nary ammonium bases, [N(C n H 2n +i)4]OH, in which the four hydrogen atoms 
in the NH 4 -group are replaced by alkyl residues, are crystalline compounds, 
stable at ordinary temperatures. The quaternary ammonium bases are 
dissociated in solution into OH-ions and N(C n H 2n+I ) 4 -ions; these solutions 
are strongly alkaline. 


The table below gives the degree of dissociation of some ammonium bases determined 
from measurements on the velocity of hydrolysis of methyl acetate and expressed 
against the degree of dissociation of LiOH = ioo. 


LiOH 

ioo 

NaOH 

9S 

fN(C 2 H 5 ) 4 JOH 

75 

[N (C 2 Hj) 3 H]OH 

M 

[N (C 2 H 5 ) 2 H 2 ] OH 

16 

[N(C 2 H s )H 3 ]OII 

12 

[NH 4 ]OH 

2 


In the electrolysis of tetraethylammonium chloride in liquid ammonia at — 78 ,° 
the liquid around the cathode assumes a deep blue colour, which is also observed 
when an alkali metal is dissolved in liquid ammonia at low temperatures. If iodine 
is added to this blue liquid, tetraethylammonium iodide is produced. It is assumed 
therefore that the radical N(C 2 H 5 ) 4 has been formed (Schlubach). 


The electronic formulae of quaternary ammonium salts and quaternary 
ammonium bases are written in the same way as those for ammonium salts 
and ammonium hydroxide respectively: 



H 


H:C:H 

H 

.. H 

H: C 

: N : C:H 

• • 

H 

• • 

• H 


H:C:H 


• • 

H 



or more simply 


CH 


3 


H 3 C:N:CH 

CH, 



Each of the four pairs of electrons belong both to the alkyl residue and 
to the N-atom; since each CH 3 -group has one valency electron available 
and a N-atom carries 5 electrons in the outer shell, in the formation of a 
tetramethylammonium ion an electron is given up and taken by the chlorine 
atom or the oxygen atom of the OH-gr° u P» respectively. As a result, the 
chlorine atom is converted into a chloride ion and the OH-group into an 
OH-ion. In the ammonium ion the nitrogen atom has eight electrons in 
the outer shell so that the octet of electrons has been completed. Thus it 
is not possible for a nitrogen atom to be combined homopolarly with five 
monovalent groups. A compound such as N(CH 3 ) 5 does not exist. In the 
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organic quaternary ammonium compounds four bonds on the N-atom are 

homopolar, the fifth is heteropolar. . 

The stereochemistry of the amines and the quaternary ammonium salts 

is dealt with in 139. 


48. Properties. Primary, secondary and tertiary amines are distinguished 

bv their different behaviour towards nitrous acid. 

Primary amines react with this acid giving the corresponding primary 

alcohol with evolution of nitrogen: 


Cnl +OH N g« > C n H2n + lOH + N t + H.O, 

a process which is exactly similar to the decomposition of ammonium nitrite 
into water and nitrogen 

(NHJONO —> 2HjO + N*. 

With secondary amines nitrous acid gives nitrosamines: 

(C n H 2 d +1J* N 1hTh~0,N °—► (C n H2n+l)a NN ° + H z°‘ 

The lower members are pale yellow coloured liquids, sparingly soluble in 
water, which arc readily converted into the secondary amine again by 
concentrated hydrochloric acid. The structure given above follows from 
this reaction; if the nitroso group were attached to carbon, either by its 
oxygen or by its nitrogen atom, it would no longer be possible to recover 

the secondary amine in this way. 

Tertiary amines do not react with nitrous acid at ordinary temperatures. 
This behaviour towards nitrous acid provides a means of differentiating 

the three classes of amines. 

Another method of recognising primary, secondary and tertiary amines 
as such, consists of determining how many alkyl groups the amine can take up 
on further alkylation; e.g. if a compound C 3 H 9 N is propylamine, C 3 H 7 NH 2 , on 
warming with methyl iodide it will give a compound [C 3 H 7 N=(CH 3 ) 3 ]I, i.e. 

C 0 H 10 Nr; if C 3 H 9 N were the same treatment would give 

[C 2 H 5 —N=(CH 3 ) 3 ]I i.e. C 6 H 14 NI; if C 3 H 9 N were equivalent to (CH 3 ) 3 N, 
then (CI-I 3 ) 4 NI or C 4 H 12 NI would be obtained. By analysing the quaternary 
ammonium iodide produced (I determination), it may be found whether 
C 3 H 0 N is a primary, secondary or tertiary amine. 

49. The first and second members of the series, methylcunine and ethyl- 
amine, are inflammable gases, which are extremely soluble in water; 
for example 1 1 of water dissolves 1150 1 of methylamine gas, at 12.5 0 . 
Succeeding members have low boiling points and are miscible with water 
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in all proportions.Thcy have a peculiar ammoniacal odour (of boiled crayfish). 
The spec. grav. of the amines is very much smaller than i; that of methyl- 
amine, for example, is only 0.699 —n°. 

TABLE 13 


MELTING AND BOILING POINTS OF SOME AMINES 


Alkyl 

primary 

sccondarv 

tertiary 

m.p. 

b.p. 

m.p. 

b.p. 

m.p. 

b.p. 

Methyl 

— 02 . 5 ° 

— G.5= 

j —96.0° 

7.4° 

— 124° 

3.5° 

Ethyl 

— 80.6° 

16.G° 

1 

C'l 

O 

0 

55.5° 

— 114.8° 

89.5° 

Propyl 

— 83° 

48.7° 

—39.6° 

110.7° j 

— 93.5° 

15G° 

150 Propyl 

— 101.2° 

34° 

— 

84° 



Butyl 


77.S° 


159° 


214° 

isoButyl 

— 85.5° 

6S° 

—77° 

139-140° 

— 21.8° 

191.5° 

Amyl 

— 55° 

104° 


— 

— 

240-245° 


Table 13 gives the melting points and boiling points of some of the amines. Both 
the melting and the boiling point are lowered by branching in the alkyl group. Also 
trimethylamine, (CH 3 ) 3 N, boils much lower than the isomeric n-propylamine or than 
isopropylamine (cf. the physical properties ot the alcohols, p. 59 ). 

Methylamine occurs in Mercuricilis perennis ; it can be prepared from ammonia 
and dimethyl sulphate. It burns with a yellow flame. 

Trimethylamine is obtained by heating ammonium chloride with formaldehyde 
(commercial formalin) in an autoclave at 120 - 160 °: 

2NH 4 C1 + 9 CH 2 0 —> 2N(CH 3 ) 3 HCI + 3C0 2 + 3H,0. 

It occurs along with dimethylamine in herring pickle. 

Tctramcthylammonium hydroxide can be prepared from the corresponding chloride 
by the action of moist silver oxide; the free base crystallises in the form of hydrates 
which are very hygroscopic and take up carbon dioxide from the atmosphere. 

The velocity of the formation of tetraalkylammonium iodides from triethyl- 
amine and an alkyl iodide or bromide was first investigated by Menschutkin. 
The experiments were carried out in various solvents, the mixture being 
heated in a sealed tube at 190 5 for a definite time and the amount of quater¬ 
nary salt formed determined. It was found that the reaction was bimolecular 
and that the velocity constant k became smaller as the size of the alkyl 
group in the alk}d halide became greater. In the addition of propyl bromide 
and octyl bromide, respectively, to trietkylamine in acetone as the solvent, 
the observed values for k were 0.00165 and 0.00110. 

At the same time it was found that the nature of the solvent has a great 
effect on the velocity of the reaction, for a value of k = 0.00018 was found 
for the addition of ethyl iodide to triethylamine in hexane as solvent and 
one of k = 0.0516 in methanol. It has been observed that the nature of the 
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solvent has a marked influence on the velocity of the reaction in many 

roirtions between organic substances. 

Ammonium bases decompose on heating into tertiary amines, water an 

a hydrocarbon, CnH 2 n, 

(C,H s ),NOH—► (C.H # ) 3 N + H a O + C t H 4 . 

This reaction, which was discovered by Hofmann, is generally applicable 
to quaternary ammonium bases; only in the very simplest, tetramethyl- 
ammonium hydroxide, does the fission take another course: methanol and 

trimethylamine arc formed. 

Am ,„ c oxides These compounds are produced by the oxidation of tertiary amines 
..Uh l soUnion of hydrogen peroxide in water; on evaporating the solut.on a d.hydrate 

of the amine oxide: (CdWsNOrH.O, 

is first formed, which splits off two molecules of water on gentle heatingand is converted 

. • i \ NO The amine oxides behave in aqueous solution 

into the amine oxide (C n H 2 n+i Ane amuic . .. 

as weak, mono-acidic bases. They form salts according to the equation. 

(C„H2u+l) 3 NO + HX--M(C n H2n+l) S NOH]+X . 

the formulation of an amine oxide as (CnHan.rbN =0 would appear to indite 
that , homopolar bonds emanate from the nitrogen atom or expressed °^w* e ' 
that the outer shell of the N-atom has ten valency electrons. Since no compound 
are known of the type NR,, in which R represents an alkyl res.due, “d S“icettM 
fifth bond of the N-atom is heteropolar in the quaternary ammonium salts ° r bases, 
the above mentioned formulation for amine oxides is not satisfactory. Another foirnu- 
lation can be given with the aid of the electronic theory of the chemical 
The N-atom has used three valency electrons for the formation of pairs of electrons 
with the alkyl groups R„ R 2 and R.„ each of which has one valency aV ^le- 

The lone pair of electrons of the nitrogen atom fills up the outer shell of the oxy„e 
atom, producing a bond between N and O; both the N-atom and the O-atom now 
possess an octet ot electrons in the outer shell. The result is. however, that the N-atom 
has one electron too few and the O-atom one electron too many compared with th 
nuclear charge; hence in the bond between N and O the N-atom is positively and the 
O-atom negatively, charged. We have here a special type of bond between N and O 
which is called a semipolar bond and which is represented by an arrow —>- instead 

of by a bond sign —: 

K i 

*>+..- I 


R 2 : N : O: 
• • 

R 


or 


R,—N— O. 


Formulae of an amine oxide with a semipolar bond. 

The electronic formulae of an amine oxide base R^RaNO-HaO and of an amine 

• 1 T-» 1*\ V T /~V T T \ T% . _ —___ ^ Z/aI lc\t» rO • 


" Ri 

+ 


— 

R i 

• • • • 

+ 

• • 

R a : N:0:H 


:0:H 


R 2 :N:0:H 
• • • • 


:Br: 

• • 

• • • • 

R» 


• • 


k 3 




base saR 

The spatial structure of the amine oxides is discussed in 139* 
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(b) Nitro-compounds 

50. By interaction of silver nitrite and an alkyl iodide, two isomeric com¬ 
pounds of the formula C n H 2n+I N 0 2 are formed, which show a big difference 
in boiling point. For example, if ethyl iodide is used, one isomer boils at 
17 0 and the other at 113-114 0 . The lower boiling compound is decomposed 
by dilute caustic soda solution into alcohol and sodium nitrite and is to 
be regarded, therefore, as an ester of nitrous acid, formed according to 
the equation: 

CuHon + iI + AgN0 2 —>-C n H2n + iONO -f Agl. 

No nitrite and alcohol is formed with alkali from the higher boiling compound ; 
on reduction, two oxygen atoms are replaced by two hydrogen atoms and 
primary amines are produced: 

C n H 2 n +lNO a —> CuHon+iNH, 

From this last reaction, it follows, that the nitrogen must be attached 
directly to carbon in these compounds, because this is also the case with 
the amines. Since this reduction takes place even at room temperatures, 
the oxygen atoms are attached to nitrogen, because oxygen attached to 
carbon cannot be replaced by hydrogen under these conditions; oxygen-free 
compounds can be obtained neither from alcohols nor ethers by reduction 
at ordinary temperatures. It is concluded therefore that these compounds, 
called nilro-compounds, must have the structure 

(CnHon+l)—NO a . 

Thus nitro-compounds contain a grouping N 0 2 , with its nitrogen atom 
directly attached to carbon; the group —N 0 2 is called a nitro-group. 

The names of these substances are formed by adding the prefix nitro to 
that of the saturated hydrocarbon. Thus the compound CH 3 N 0 2 is called 
nitromethane\ C 2 H 5 N 0 2 nitroethane', the generic name for these substances 
is nitroalkanes. 

The formation of nitroalkanes from alkyl iodides and silver nitrite was 
discovered by Victor Meyer (1872); the formation of these compounds by 
nitrating alkanes is mentioned in 24. 

They are colourless liquids with an ethereal odour; the lower members 
are sparingly soluble in water. They can be distilled without decomposition. 

In the primary and the secondary nitro-compounds a hydrogen atom 
can be replaced by alkali metal, especially by sodium. If an alcoholic solution 
of nitroethane is added to one of sodium alcoholate, for example, a colourless, 
crystalline precipitate of the composition C 2 H 4 NaN 0 2 is produced. 
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A similar sodium compound is given also by a secondary nitrocompound 


such as ~ ' CHNO, but a tertiary nitro-compound, such as ch^cno,. 


C Hj\ 


CH,\ 

CH 
CH, 

CH,/ 

does not give a sodium derivative. .. . 

These alkali derivatives of primary and secondary mtro-bod.es are also 

produced by the action of alkalis, the nitro-compound passing ln *° solution, 

since the alkali derivative is soluble in water. These alkali derivatives, when 

dissolved in water, show the properties of salts. The structure of these alka 1 

salts will be discussed in 229. 

From what has been said, it may already be concluded that only those 
nitro-compounds react with metallic sodium, or with caustic soda or sodium 
alcoholate, in which at least one hydrogen atom is still attached to the 
carbon atom carrying the nitro-group. This condition is not fulfilled in the 
tertiary nitro-compounds. Hence, the nitro-group has an effect on the chemi¬ 
cal properties of the hydrogen atoms attached to the same carbon atom. 
This is also apparent in the behaviour of nitro-compounds towards bromine. 
When bromine is added to an alkaline solution of a primary or secondary 
nitro-compound, compounds are obtained in which one or more hydrogen 
atoms are replaced by bromine, e.g .. 

C n H2n+lCHBrNO„ C D H;>n+lCBr a NO a , (C n H2n+l)iCBrN 0 2 . 

Since tertiary nitro-compounds are not attacked by bromine under these 
conditions, it may be concluded that only those hydrogen atoms can be 
replaced by bromine, which are attached to the same carbon atom as the 

nitro-group. 


Electronic formulae of the nitro-compounds. Formulation of nitro-compounds as 

R _ N ^° should indicate that the outermost shell of the N-atom is occupied by 10 

valency 0 electrons (a bond sign representing two valency electrons). It has already 
been explained in the case of the amine-oxides that this hypothesis is unsatisfactory. 
Therefore in the nitro-compounds also, it is assumed that one of the oxygen atoms 
in the -NO a -group is attached to the nitrogen atom by a scmipolar bond; the other 
oxygen atom is attached by a double bond: 


• • 

: 0 : — 
R:N + 
:* 0 : 


O 

t 

R—N. 
II 

O 


See further 139, 224. 

The behaviour of nitro-compounds toiuards nitrous acid is important because by its 
means it is possible to differentiate between primary, secondary and tertiary nitro¬ 
compounds (V. Meyer). The treatment with nitrous acid is carried out by adding 
sodium nitrite to an alkaline solution of the nilro-compound and then adding 
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sulphuric acid. When this is carried out on a primary nitro-compound, an alkylnitrolic 
acid is produced: _ 

/H-.+ 0|N0H ^NOH 

CHjC —> CH 3 C + H,0. 

\NO, \NOj 

ethylnitrolic acid 

The structure of these compounds is proved by their preparation from hydroxyl- 
amine and a dibromonitro-compound: 

^Br 2 ^NOH 

CH 3 C +HjN t OH->CH 3 C + 2 HBr. 

\NO, \NO, 

The alkylnitrolic acids dissolve in caustic alkali with a red colour with the formation 
of metal compounds. This reaction is very sensitive. They are well crystallised but 
unstable compounds. 

By this same treatment secondary nitro-compounds give pscudo-nitroles. These are 
compounds containing the group of atoms C(NO)(NO a ): 

H 3 C\ ^HTHOlNO C H 3 \ /NO 

C C + HoO. 

HjC/\N0 2 —> CH,/\No* 

propyl-pscudonitrole 

The pseudo-nitroles are colourless crystalline compounds, which assume a blue 
colour, like all compounds containing the grouping C—NO, cither on melting or when 
dissolved. This change in colour is probably connected with polymerisation: in the 
blue form the substance has the simplest molecular weight, while it is present as a 
polymer in the colourless form; it has been observed that the molecular weight of 
nitroso-compounds in coloured solutions approaches the lowest possible value more 
closely as the colour becomes more intense. 

The above mentioned reactions may also serve to distinguish primary and secondary 
alcohols from one another; the alcohol is converted into the corresponding alkyl 
iodide and then into the nitro-compound. 

Tertiary nitro-conipounds are unchanged by nitrous acid. 


(f) ALKYL ATTACHED TO OTHER ELEMENTS 

(a) Alkyl atlached to elements of the nitrogen group 

51. Like ammonia, phosphine (PH 3 ) combines with acids to form salts: 
the phosphonium salts (PH 4 )X are decomposed into acid and phosphine by 
water. Arsine and antimony hydride do not form salts and show no basic 
characteristics. Ammonia is oxidised with difficulty and is stable towards 
oxygen at ordinary temperatures. Phosphine, arsine and antimony hydride 
are easily oxidised. 

These properties are revealed also in the alkyl derivatives of these 
elements. 

Alkylphosphines. The amines are stronger bases than ammonia; likewise the alkyl- 
phosphines are stronger bases than PH 3 and the basicity increases as more alkyl 
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^ thc P i a cc of hydrogen atoms. The salts of mono-alkylphosphines. for 

eTanfp-c^stUltro^d by water but those of the di- and tri-a.kylphosphines 
stable The quaternary pkosphonium bases PR.OH are as strongly basic « the 
ammonium bases. When a phosphonium base is heated it does not split up lnt ° 
alcohol (or C n H,„ + H, 0 ) and trialkyl-compound, as do the ammonium bases, but 
into a hydrocarbon C„H 2n+ 2 and a phosphorus compound containing oxygen. 

(C 2 Hj) t POH —► C 2 H tt + (C,H 6 I s PO. 

This compound is called triethylphosphine oxide. The great tendency of phosphorus 
to combine with oxygen is clearly shown here. This is revealed also by the ease with 
which alkylphosphines are oxidised, which occurs even with atmospheric oxygen. When 
brought into contact with nitric acid. PH 3 gives phosphoric acid OP(OH) 3 ; m exactly 
the same way the alkylphosphines take up one atom of oxygen and as many additional 
atoms as there arc hydrogen atoms directly attached to phosphorus. 


CHjPH, gives C H 3 PO(OH) 3 ; 

mono-incthylphosphonic acid 


(CHj) 2 PH gives (CHj)jPO(OH); 

dimethylphosphonous acid 


and (CHjljP gives (CHj)jPO 

trimfthvlnhosDhine oxide 


The structure of these compounds follow's, for example, from the fact that mono¬ 
alkylphosphonic acids are dibasic, the dialkylphosphonous acids monobasic, and the 

tviaIkylphosphine oxides are devoid of acid properties. 

The alkylphosphines (Hofmann. Cahours) are colourless liquids with a penetrating 

odour; methyl phosphine CH 3 PH 2 is a gas. 

Methods of formation. Only tertiary alkylphosphines and phosphonium compounds 
are produced by the action of alkyl halides on PH 3 . Primary and secondary alkyl- 
phosphines arc obtained by heating phosphonium iodide, PH 4 I, with alkyl iodides 

and zinc oxide. 

Arsines. Primary arsines H 2 As(C n H 2n+ i) are obtained by the reduction of mono - 
alkylarsinic acids: 

C n H 2 n+lAs(OH) 2 , 


with zinc amalgam and hydrochloric acid. These arsines are oxidised immediately 
on contact with air. Tertiary arsines do not give bases with water. They are produced 
by the action of zinc alkyls on AsC 1 3 and from arsenic-sodium and alkyl iodides: 

AsNa, + 3 C«H 6 I —> As(C t H 6 ), + 3 NaI. 

Quaternary arsonium bases, which are produced by addition of alkyl halides to 
tertiary arsines and treatment of the halide obtained with silver hydroxide, have 
very strong basic properties. 

Derivatives of dimethylarsine are called cacodyl compounds on account of their 
repulsive odour (xaxtoS y)? = stinking) and were first investigated by Bunsen (1840). 
Cacodyl oxide [(CH 3 ) 2 As] 2 0 , is produced by heating arsenious oxide with potassium 
acetate (Cadet 1760); cacodyl chloride, (CH 3 ) 2 AsCl, is produced by the action of 
hydrochloric acid on cacodyl oxide and can be converted by the action of zinc into 
cacodyl, (CH 3 ) 1 As—As(CH 3 ) 2 , m.p. —6°, b.p. 176°. 

The cacodyl-group, (CH 3 ) 2 As-, was considered by Bunsen as an example of a 
“compound radical”, from which cacodyl compounds are derived. 
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(b) Alkyl derivatives of silicon 

52. Of the elements of the fourth main group of the periodic system silicon shows 
the closest similarity to carbon, a fact which is demonstrated in the alkylsilanes. 
Tetramethylsilane Si(CH 3 ), is prepared from SiCl 4 and methylmagnesium bromide (54). 
It boils at 26° and is insoluble in water. The tetra-alkylsilanes, Si(C n I I >0+1)4, show 
great similarity to the quaternary hydrocarbons C(C n H;>n41)4they are not attacked 
by cither nitric acid or sulphuric acid at ordinary temperatures. One or more hydrogen 
atoms may be substituted by the action of chlorine. 


(c) Alkyl attached to metal 

53. Alkyl compounds of most of the metals arc known. Only a few, however, 
including the alkyl compounds of zinc, which were investigated by F rank- 
land (1855), will be discussed here. 

On warming ethyl iodide with zinc, a white, crystalline compound, 
C 2 H 6 Z n I, ethylzinc iodide, is first produced and on heating more strongly 
this is decomposed into Znl 2 and Zn(C 2 H 5 ) 2 : 

2C„H 5 ZnI —> Zn(C 2 H 6 ) + Znl a . 

The dialkylzinc is distilled from the mixture; this must be carried out in 
an apparatus from which the air has been displaced by nitrogen since the 
zinc alkyls, especially the lower members, are spontaneously inflammable 
in air. 

The dialkylzinc compounds are colourless liquids, heavier than water. 
When they are allowed to react with alkyl iodides, saturated hydrocarbons (17) 
are produced: 

CH, [ iCH, 

Zn + ! — Znl 2 + 2 CH3CH3. 

CH, |_ICH 3 

Halogens react very violently with dialkylzinc with the formation of 
alkyl halides; zinc alkyls are decomposed by water into the corresponding 
hydrocarbon and zinc hydroxide. 

The zinc alkyls have low boiling points; Zn(CH 3 ) 2 boils at 46°; Zn (C 2 H 5 ) 2 
at 118 0 . Frankland was able to determine the vapour density of these 
compounds and therefore to establish the molecular formula. From this 
it follows that zinc is divalent in these compounds; Frankland’s researches 
on the metal alkyls were of great importance for the development of the 
theory of valency. 

Sodium alkyls are obtained by the action of sodium on mercuri-dialkyls (Schlenk) 
or by the action of sodium on alkyl chlorides in petroleum ether at low temperatures. 
In this way C 4 H # Na, C 8 H 17 Na, etc., have been prepared. 
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They are amorphous powders, which take fire in the air and are insoluble in inert 

S °S«»I alkyls are prepared in a similar manner from lithium and alkyl halides 

(Ziegler); these compounds (with the exception of LiCH 3 ) are soluble in petroleum 

ether or benzene and are used in syntheses. 

The alkyl compounds of mercury, lead, tin and several other metals are stable 

towards water and oxygen. The mercury and lead compounds are poisonous. On the 
use of tetraethyllead. Pb(C 2 H 5 )„ a colourless substance, as an “antiknock agent see 26. 


54. Alkylmagnesium compounds. When magnesium turnings are brought 
into contact with a completely dry ethereal solution of an alkyl halide 
(1 grammolecule C n H 2n .,X to 1 gram-atom Mg) a reaction takes place 
with the evolution of heat by which the metal passes into solution with the 
formation of C„H 2n+I MgX. When the ether is distilled off at the end of 
the reaction, an addition product of alkylmagnesium halide with a molecule 

of ether, 

C n H 2 n+lMgN (C.HjOC.Hj), 

remains behind. 

The compounds RMgX (X = halogen) can be obtained free from ether 
however, if the alkyl halide is mixed with another solvent (benzene, petro¬ 
leum ether, etc.), magnesium is then added and the reaction initiated by the 
addition of small quantities of a tertiary amine or ether, which act cata- 

lytically. 

These alkylmagnesium halides, which were discovered by V. Grignard 
(1901), arc of very great importance for a number of chemical syntheses. 
They are only slightly oxidisable and therefore noninflammable in air and 
need not be isolated but can be used for all kinds of reactions in ethereal 
solution. The following reaction occurs with water: 

CnHan+lMfiBr + H 2 0 —► Mg(OH)Br 4- CnH 2 n+ 2 » 


whereby saturated hydrocarbons are produced (17). 

Primary alcohols are produced with hydrogen peroxide (28): 

C n H 2 n+lM«X + H 2 0 2 —► C n H2ntiOH + MgXOH. 

Various other examples of syntheses with alkylmagnesium halides will 
be given later, c.g. for the formation of acids (66) and of secondary and 
tertiary alcohols (59). 

In general, the formation of alkylmagnesium halides takes place much 
more easily with alkyl bromides or iodides than with alkyl chlorides. 

Dialkylmagnesium compounds (C n H 2n +i)2Mg can be obtained by the 
action of magnesium on the alkyl derivatives of mercury (Gilman) ; they 
are not used for chemical syntheses. 
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(vi) HYDROGEN CYANIDE, CARBONITRILES AND CAR 13 YL AM IN E S 

55. This chapter will deal in the first place with compounds in which the 
cyano group, —C=N, occurs; these are closely related to the mono-basic 
alkane carboxylic acids (66). 

Hydrogen cyanide, hydrocyanic or prussic acid, HCN, is produced from 
the elements when a mixture of nitrogen and hydrogen is passed over red 
hot carbon. An equilibrium is set up, the mixture containing 4.6 % of IICN 
at 2150° and i atmosphere pressure. This reaction is endothermic; the heat 
of formation (14) of HCN from the elements is —30 kgcal. 

The structure of hydrogen cyanide follows from the formation of the 
potassium salt of this compound by warming together chloroform, alcoholic 
ammonia and potassium hydroxide: 

HC Cl 3 + H 3 N + 3 KOH—> HC=N + 3 KC1 + 3 H,Q 
HC=N + KOH —>- KC=N + 11,0. 

On the basis of this reaction it is assumed that the grouping —C=N occurs 
in hydrogen cyanide, in which the carbon atom and the nitrogen atom are 
joined by a triple bond. The idea of the multiple bond is discussed in greater 
detail in the chapter on alkencs (81). It will be mentioned at this stage, 
however, that molecules in which a multiple bond occurs, are able to 
undergo addition reactions by which the multiple bond is converted into 
a single bond. Thus hydrogen cyanide can be converted into methylamine 
by reduction (49): 

HCEEEN + 4 H —> CH 3 NH 3 . 
hydrogen cyanide methylamine 

On warming with water, hydrogen cyanide undergoes slow decomposition 
with the formation of formic acid (69) and ammonia (ammonium formate): 

HC=N + 2H 2 0 —> HC —OH + NH 3 . 

o 

formic acid 

Conversely, hydrogen cyanide is produced in the dry distillation of 
ammonium formate. In this reaction two molecules of water are split off: 

h— c — onh 4 —> 2H 2 0 + H—C=N. 
o 

In the laboratory, hydrogen cyanide is prepared by warming potassium 
ferrocyanide (yellow prussiate of potash) with dilute sulphuric acid; a solution 
of hydrogen cyanide in water distils over, a fact observed as long ago as 
I 7^3 by Scheele. 



94 


CH. 7 


COMPOUNDS WITH ONE FUNCTIONAL GROUP 

Other methods of making hydrogen cyanide include the interaction of 
nitrogen and acetylene (91) in the electric discharge (Berthelot) or of 
nitrogen and methane (or its homologues) in a high tension electric arc. 

2 CH, + N 8 —> 2 HCN + 3 H a . 

Hydrogen cyanide is a colourless liquid with a fauU odour; boiling 

point 25 0 , setting point — 13 - 4 °. s P ec - S rav - °- 6 79 at 18 . 

In the completely pure state, this compound can be kept unchanged for 
long periods but in presence of traces of water or ammonia it rapidly 
decomposes with the formation of amorphous products. Hydrogen cyanide 
shows the properties of a very weak acid. In aqueous solution, hydrocyanic 
acid is slowly decomposed at ordinary temperatures into amorphous, 

insoluble substances, as well as ammonium formate. 

The composition and the vapour density of hydrogen cyanide were first 
determined in 1815 by Gay-Lussac, who obtained this substance in an 
anhydrous condition by the action of hydrogen chloride on mercuric cyanide. 
Gay-Lussac considered hydrogen cyanide as a compound of one atom of 
hydrogen with a univalent group built up of carbon and nitrogen, he also 
pointed out the analogy with hydrogen halides. Indeed the salts of hydro¬ 
cyanic acid closely resemble the salts of halogen hydrides in some reactions. 

To the group —C=N, Gay Lussac gave the name cyanogen, i.e. blue 
compound forming, because the pigment Prussian Blue contains this group. 
The name prussic acid is derived from the same source. 

Later on, the name cyano-group came into use for the group G=N, this 
group is sometimes represented by the symbol Cy. Its similarity to the 
halogens is particularly apparent from the properties of dicyanogen (C=N) 2 , 
which are discussed in 120. 

Hydrocyanic acid is a very dangerous poison, both when breathed and when 
introduced into the blood stream, which acts fatally even in very small quantities. 
It is used for combatting noxious insects and rats (e.g. in ships holds). It occurs in 
the free state in some plants e.g. in the seeds of the Javanese tree Panguim edule. 

Salts of hydrocyanic acid. 1 he cyanides of the alkali metals, those of the 
alkaline earth metals and mercuric cyanide, are soluble in water. The alkali 
salts are used in industry for extracting gold and silver from their ores and 
in electro-plating. 

Sodium cyanide NaCN is prepared by heating charcoal with sodium in 
a stream of ammonia at 500-600°. Sodium cyanamide Na 2 CN 2 (* 55 ) ^ rs ^ 
formed, which at the higher temperature takes up carbon and is converted 
into NaCN: 

2NH, + 2Na + c —► Na,NCN + 3H, 

Na,NC N + C —> zNaCN. 
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Sodium cyanide is also obtained by heating sodium carbonate with 
carbon and iron as a catalyst, in a stream of nitrogen. The carbonate 
is first reduced to sodium, which forms a carbide (Na 2 C 2 ). This compound 
takes up nitrogen at the temperature of the reaction (about i,ooo°) and 
cyanide is formed. 

Sodium and potassium cyanides react with two molecules of water, 
slowly at room temperatures but fairly rapidly at the boiling temperature, 
to form sodium and potassium formate, respectively, with the evolution 
of ammonia: 

KCN + 2H z O —>■ HCOOK + NH 3 . 


Aqueous solutions of alkali cyanides react strongly alkaline. They are 
decomposed by carbon dioxide in the air with the formation of carbonates 
and hydrocyanic acid; consequently alkali cyanides always smell of prussic 
acid. 

Both sodium and potassium cyanides are virulent poisons. 


56. Carbonitriles and carbylamines (/socarbonitriles). The carbonilriles, 
compounds of the general formula C n H 2n+I CN, are produced as the main 
product on heating a mixture of alkyl iodide and potassium cyanide 
(Williamson 1854): 

c 2 h 6 i + kcn->c 2 h s cn + KI. 

ethane 

carbonitrile 

Ethane carbonitrile is also formed as the main product on heating a 
mixture of potassium ethylsulphate and potassium cyanide or potassium 
ferrocyanide. In both cases a compound isomeric with the carbonitrile, viz. 
ethylcarbylamine, is produced as a by-product. The carbonitriles are split 
up with the absorption of a molecule of water on warming with dilute 
alkali; besides ammonia the alkali salt of an alkane-carboxylic acid with 
the same number of carbon atoms as the original nitrile is produced: 

C 2 H 6 CN + H t O + NaOH —> C,H 5 C-ONa + NH 3 . 

O 

This reaction is termed saponification or hydrolysis of carbonitriles. 
Hydrolytic fission of carbonitriles can also be brought about by boiling 
with dilute acids, two molecules of water being taken up to produce the 
ammonium salt of the alkane carboxylic acid: 

CH,CN + 2 H 2 0 —> CH 3 CONH 4 . 

O 

ammonium acetate 
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Both transformations are analogous to the conversion of hydrogen cyanide 
or potassium cyanide into ammonium formate or potassium formate, 
respectively, and ammonia. Therefore the structure -C=N is given to 
the CN-group in the carbonitrilcs, hence these compounds can be represent- 

ed bv the general formula C n H 2 n+iC=N. 

The carbon atoms in the molecule of a carbonitrile form a carbon chain 

therefore, in agreement with the fact that they are converted into carboxylic 
acids with the same number of carbon atoms by acid or alkaline hydrolysis. 
With regard to an intermediate product in this hydrolysis see 66 

On account of the triple bond the group — CeeeN can take part in addition 
reactions. When carbonitrilcs are reduced by means of alcohol and sodium 
primary amines with the same number of carbon atoms are produced 

(Mendius) (46): 


C,H S C = N + 4H 
ethane carbo- 

rtitciln 


C*H s CH a NH t . 

propylamine 


On other addition products of carbonitriles see 58. 

In the catalytic reduction, either with nickel in the vapour phase or with platinum 
at ordinary temperatures, secondary amines are produced along with the expected 

primary amines. . , ... „ ■ 

Carbonitrilcs may also be obtained by passing esters mixed with ammonia over 

aluminium or thorium oxide at 480-500' 


R-C-OR' + NH, 

II 

O 


R—C = N + R'— OH + H 2 0. 


For other methods of formation see 78, 59. 


The carbonitriles are named after the alkane from which they are derived; 
CH 3 CN methane carbonitrile, C 4 H 9 CN, butane carbonitrile, etc. They are also 
named after the acids they produce on hydrolysis, thus: CH 3 CN is acetonitrile, 
C 2 H 6 CN propionitrile, etc. and they are frequently referred to as alkyl cyanides . 

The lower members of the series are colourless liquids, fairly readily 
soluble in water; they are good solvents for various inorganic salts, they 
possess a faint, not unpleasant odour. The carbonitriles have weakly basic 

properties. 

Table 14 gives some of the physical constants of carbonitriles with normal 

carbon chains (Bruylants, see also 23). 

Carbylamines or isocarbonitriles C n H 2n +iNC. These compounds were 
obtained in 1866 by Gautier by the action of alkyl iodides on silver cyanide. 
In this reaction the isomeric carbonitriles were obtained as by-products 
(compare the method of preparation of the carbonitriles on p. 95). When 
alcoholic potash is allowed to react on a mixture of a primary amine and 
chloroform, carbylamines are the sole products (Hofmann) : 


C n H 2 n 4 lNH 2 + CI 3 CH + 3 KOH—► C n H 2 n+lNC + 3 KCI + 3H 2 0. 
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M.P. in °C 

B.P. in °C/760 mms. 

dj* 

CH 3 CN 

— 44.9 

81.6 

0.7874 

CoH 5 CN 

91.9 

97.3 

0.7867 

c 3 h 7 cn 

—111.9 

117.9 

0.7954 

c 4 h 9 cn 

— 96.0 

141.2 

0.8035 

C,H n CN 

— 79.4 

163.9 

0.8094 

c 6 h 13 cn 

— 

184.5 

0.8135 

c 7 h 15 cn 

— 45.6 

205.2 

0.8174 

c«h 17 cn 

— 34.2 

224.0 

0.8206 


From this method of formation it follows that the C n H 2 n+i-group is 
attached directly to nitrogen in the carbylamines, so that the formula given 
above correctly represents these compounds. This is confirmed by the 
following facts. 

The carbylamines are decomposed by the action of dilute acids at room 
temperature, two molecules of water being taken up with the formation 
of primary amines and formic acid: 

C 8 H 5 N + 2H,0 —> C t H|NH t + HCOOH. 
ethylcarbylamine cthylamine formic acid 

From this hydrolytic fission it follows that the C 2 H 5 -group is directly 
attached to the nitrogen atom and that the third carbon atom is not attached 
directly to the other two, since it is easily split off in the form of formic 
acid, which is expressed by the formula C 2 H 5 NC. 

In agreement with this formula, carbylamines are easily converted into 
secondary amines by catalytic reduction (with nickel at about 160°): 

C HjNC + 2H 2 —> C HjNHCHj. 

The structure of the carbylamines can be expressed by the formula 
C n H 2n +iN = C (Nef). This formula contains a bivalent carbon atom. This 
opinion is supported by the course of some addition reactions in which 
addition takes place only to the carbon atom of the group —NC. Thus esters 
of isocyanic acid are produced by the oxidation of carbylamines with 
mercuric oxide and esters of isothiocyanic acid (158) by the action of sulphur: 

RN=C + S —> RN = C=S. 

The carbylamines are liquids which are lighter than and only slightly 
soluble in water. They possess a very penetrating, disgusting odour, 
by which they can be recognised in extremely small quantities. On this 
account their method of formation from primary amines and chloroform 
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provides a very sensitive test for primary amines. Secondary and tertiary 

amines cannot be converted into carbylamines. 

The lower members of the series are poisonous. The carbylamines are very 
reactive compounds, which can form addition compounds with many other 

substances. Some examples of this have already been given. 

In ethereal solution they easily add on hydrogen halide so that at first 
these compounds were erroneously regarded as bases. This is how the 
name carbylamine originated. It has already been mentioned tha the carbyl¬ 
amines are decomposed much more rapidly by dilute acids than the isomeric 

carbonitriles; the carbylamines are stable towards alkalis. 

The carbylamines change into the isomeric carbonitriles on heating to 

about 200°. . . . . , ,, 

The carbylamines are named after the alkyl group to which the group 

_N = C is attached, thus methylcarbylamine CH 3 NC, ethylcarbylamine 

C IT NC etc When the isocarbonitrile terminology is used these compounds 

are named after the alkane from which they are derived, thus methane 

isocarbonitrile CH 3 NC, etc. They are also referred to as alkyl isocyanides. 

The boiling points of some carbylamines are given in Table 15. 


TABLE 15 


BOILING POINTS OF SOME CARBYLAMINES 


Carbylamine 

B.p. in °C at 7C0 mms. 

CH,NC 

59.C 

c 2 h 5 nc 

78.1 

c 3 h 7 nc 

99.5 

C 5 H n NC 

139-140 


(vii) ALKANALS (ALDEHYDES) AND ALICANONES (KETONES) 

57. The general formula for these compounds is C„H 2n O. The alkanals are 
produced from primary alcohols and the alkanones from secondary alcohols, 
by gentle oxidation e.g. with potassium bichromate and dilute sulphuric 

acid. 

From the general formula for the alkanols, C n H 2n +20, it follows that two 
hydrogen atoms are removed in this oxidation. 

When primary alcohols C n H 2n+I CH 2 OH are oxidised more vigorously, 

acids with the formula c„H 2n+ iC^° (66) are produced. These acids are 

\OH 

also produced when alkanals are oxidised. Hence the molecule of an alkanal 
must contain the group C n H 2n +i. Therefore there is a choice between two 

possible structural formulae for alkanals; c n H 2 n+iC^ H and c n H 2n+ iC-OH. 

I. II* 
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The alkanals do not possess the properties of substances which contain 
a hydroxyl group, for, by the action of PC 1 5 , one oxygen atom is replaced 
by two chlorine atoms to produce compounds of the composition C n H 2n+I 
CHC 1 2 . From this it follows that the oxygen atom in the alkanals is attached 
to carbon by two valency bonds, so that formula IT must be rejected. 
Formula I is confirmed by the formation of alkanals from acid chlorides 
by catalytic reduction with the aid of palladium (Rosen.mund) : 

CnH 2 n + l^ + Ho—>- HC 1 + CnH2n+lC 

\C 1 \II. 

Thus alkanals are compounds containing the group — oT °. 

^ I I 

The oxidation of primary alkanols to acids, takes place via the alkanals 
as intermediate products: 

C n H 2 n + iCH 8 OH —> C n H 2n+ iC = O —> C n H 2n +lC = 0. 

\h \oh 

Similarly, the alkanones do not possess the properties of compounds 
containing a hydroxyl group; a compound of the composition C n H 2n Cl 2 is 
produced by the action of phosphorus pentachloride on an alkanone C n H 2n O. 
The formation of an alkanone may be represented as shown below: 

CnH 2 n + lC HO HC mH 2m + i —> C nH 2n + iC O CniHm 2 + i- 
secondary alkanol alkanone 

This formula is confirmed as follows. By vigorous oxidation of an alkanone 
at least two acids, C n H 2 n+iCOOH and C m H 2m+I COOH, are produced by 
rupture of the carbon chain on either side of the ^;C =0 group. These same 
acids are also produced by vigorous oxidation of the secondary alkanol 
from which the alkanone can be obtained. From this it follows that the 
groups C n H 2n+I and C m H 2m+I , which are present in the secondary alcohol, 
must also be present in the molecule of the corresponding alkanone. 

Thus alkanones contain the grouping C = O, called the carbonyl group, 
attached to two carbon atoms. 

Nomenclature and isomerism. The names of the alkanals and the alkanones 
are derived by adding the suffixes al and one respectively to the name of the 
hydrocarbon with the same number of carbon atoms, e.g. methanal, CH 2 0 , 
ethanal, C 2 H 4 0 , and propanone C 3 H 6 0 , butanone, C 4 H s O, etc. 

The name aldehyde, which is still much used, is a contraction of “«/cohol 
dehy ffrogenatus’’. When this name is used, the aldehydes are named after the 
acids, which can be prepared from them by oxidation; H 2 C O, formaldehyde, 
CHgCHO, acetaldehyde, C 2 H 5 CHO, propionaldehyde, etc. 

The alkanones are also denoted by the general name ketones, to which is 
added the names of the alkyl groups occurring in the molecule, e.g. 
(CH 3 ) 2 C= 0 , dimethyl keto 7 ie, (CH 3 )(C 2 H 5 )C= 0 , methyl ethyl ketone, etc. 
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In the molecule of an alkanal the grouping -c^ is always a terminal 

group- hence, in this case, isomerism depends solely on branching of the 
carbon chain in the alkyl residue. In the alkanones however the group 
^ C = 0 can occupy different positions in the carbon chain so that isomerism 
C possible with alkanones containmg 5 or more carbon atoms. The carbon 
atom of the carbonyl group is indicated by a number: 


CH,—C — CH.CHjCH, 

II 

o 

pcntanonc-2 


CHjCH-C-CHjCH,. 

o 

pcntanone -3 


s8. Methods of preparation. A. For both alkanals and alkanones. 1. The 
oxidation of primary and secondary alcohols to alkanals and alkanones, 
respectively, can be carried out by passing the alcohol, m the vapour state 
mixed with air, at a high temperature over catalytically active metals such 
as copper or platinum, as well as with potassium bichromate and dilute 

sulphuric acid. . 

Sabatier and Senderens have provided a very elegant method for 

preparing the lower alkanals. Alcohol vapour without admixed air is passed 

over finely divided copper at 300-350° when hydrogen is split off as follows: 



+ H t . 


This reaction is reversible and at about ioo° the equilibrium is well over 
Oil the side of the alcohol. 

2. Alkanones are produced by heating the calcium or barium salts of 
alkane carboxylic acids: 



CaCO,+ CHjCOCHj. 

propanonc 


If a mixture of calcium salts of two different fatty acids is used then 
ketones with two different alkyl groups (mixed ketones) are produced: 


(C H,C 00),C a 
(C t H,C 0O),Ca 


CH, 

-*2C=0 + 2CaC0,. 

I 

C ,H, 


The reaction mixture also contains acetone and diethyl ketone as well as 
methyl ethyl ketone. By heating a mixture of calcium formate and the cal¬ 
cium salt of a homologue of formic acid, an aldehyde is produced, e.g .: 

(C H,C00),Ca 

-► 2 CaCO a + 2 CH,C 
(HCOO),Ca \H 
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The reaction mixture also contains acetone produced from the calcium 
acetate and other by-products produced by the reducing action of the 
formate. 

B. For alkanals. i. Preparation by reduction of acid chlorides is men¬ 
tioned on p. 99. 

2. On treating an ethereal solution of a carbonitrile with dry hydrogen 
chloride and stannous chloride the following reactions take place (Stephens) : 

R—C=N + HCl —> RCC1 = NH 

RCCI=NH + SnCl 2 + 2 HCI —> RCH = NH.HC1 + SnCl 4 . 

aldiminc hydrochloride 

and the aldimine hydrochloride gives an alkanal on treatment with water: 

RCH = NH.HC 1 + H a O —RC HO + NH 4 C1. 

C. For alkanones. i. Alkanones can be obtained by the action of alkyl- 
magnesium halides on carbonitriles (Blaise) : 

R \ 

RC=N + R'MgBr— C = NMgBr, 

R'^ 

a magnesium derivative of a ketonimide is produced from which the ketone 
is obtained by hydrolysis: 

R\ 

C = NMgBr -f 2 H 2 0 -*• R-C-R' + NH 3 + MgBrOH. 

R'^ || 

O 

2. Ketones are produced when the vapour of acetic acid or its homo- 
logues is passed over catalytically active metallic oxides (A 1 2 0 3 , Th 0 2 , CaO) 
at about 400°: 

zCHjC^-CO, + H z O + (CH 3 ) 2 C =0. 

\OH 

59. Properties. Alkanals and alkanones can combine with various sub¬ 
stances. This power of addition is associated with the double bond between the 
carbon and the oxygen atom. In these addition reactions the double bond 
is converted into a single bond (see 85). 

1. Addition of hydrogen takes place by the action of sodium amalgam 
on aqueous solutions of alkanals and alkanones, with the production of 
primary and secondary alcohols, respectively. This reduction may also 
be carried out catalytically with hydrogen in presence of nickel. 

2. Addition of sodium bisulphite. When aldehydes or ketones are shaken 
with a concentrated solution of this reagent, an addition product separates 
in a crystalline form: 

CH 3X /OH 

(CH 3 ) 2 C=0 + NaHSOa-* C 

CH 3 / \OSO.Na 

The aldehydes or ketones are liberated again from these addition products 
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by treatment with dilute acids or with soda. The reaction is used therefore 
to obtain aldehydes or ketones in a pure state from mixtures with other 

a Addition of hydrocyanic acid takes place when an aldehyde or a 
ketone is mixed with anhydrous hydrogen cyanide and a very small amount 
of an alkaline solution (e.g. of caustic potash or potassium cyanide in water): 




/OH 


CIUC + HCN-CH.C-CN. 


\1I 




Hydroxycarbonitriles or cyanhydrins are produced. This addition reaction 
is of great importance for the synthesis of hydroxy-acids (130), which are 

produced from the hydroxycarbonitriles by hydrolysis. 

4. Addition of alkylmagnesiiim halides leads to secondary or tertiary 

alkanols: 


/O /OMgl 

A. RC +R'MgI—RCH 

\H ^-R 

alkanal addition product 


OMgl 

2RCH 

\R' 


4 - 2 H.O -*Mgl s + Mg(OH), + 2 RCHOHR'. 

secondary alkanol 


D. 


CH,\ 

C = 0 + C H a MgBr — 
C*H»/ 


CH,\ /OMgBr 
C 

C 2 H 6 -^ \CH 5 
addition product 


CH 3 \ /OMgBr 

2 C + 2 H a O -»MgBr a 


C a H 


\CH 


+ Mg(OH), + 2 


CHj\ /OH 
C 

C jH s / \CH 3 . 
tertiary alkanol 


The oxygen atom in the alkanals and alkanones can be replaced by 
various atoms or groups of atoms. 

1. Replacement by two atoms of chlorine by the action of phosphorus 
pentachloride is mentioned in 57. 

2. The action of compounds containing the grouping —NHg is important. 
By the action of hydroxylamine, oximes are produced, which are called 
aid oximes (alkanaloximes) if they are derived from aldehydes and ketoximes 
(alkanone oximes) if they are formed from ketones: 

(CH,),C = 0 + HjNOH —>■ (CH 3 )jC = NOH + H.O. 

ketoximo 


This reaction is quite general for compounds containing the groupings: 

C = O or C 

\H 

The oximes have both weakly acid and weakly basic properties; the 
hydrogen atom of the OH-group can be replaced by metals, consequently 
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§ 59 

the oximes dissolve in alkalis. They can also form salts with acids in 
the same way as ammonia. Aldehydes or ketones are regenerated from 
the oximes by boiling with dilute acids, water being taken up and hydroxyl- 
amine being produced at the same time. 

The oximes may be converted into primary amines by vigorous reducing 
agents: 

R,C=NOH + 4 H —>- R.CHNHj + H.O. 

Aldoximes are converted into carbonitriles (56) by the action of dehydrat¬ 
ing agents like acetic anhydride: 

R — C = N OH — RC=N. 

. I i 

H 

Ketoximes can be made to undergo a remarkable intramolecular trans¬ 
formation by which substituted acid amides are produced (Beckmann 
transformation): 

RCR'- RCOH ->RC = 0. 

II II I 

NOH NR' H—NR' 

I. II. 

This reaction takes place under the influence of concentrated sulphuric 
acid or of phosphorus pentachloride; it is assumed that an unstable inter¬ 
mediate product I is first formed, by a change in positions of the groups 
OH and R', which is then transformed into the acid amide II. (compare 104) 

3. By the action of phenylhydrazine (247) phenylhydrazones are produced 
(E. Fischer): 

R\ R\ 

c = o + H 2 NNHC,Hj-> c = nnhc 0 h 5 + H.O. 

R V" R'/ 

phenylhydrazone 

As a rule these compounds crystallise well. On heating with hydrochloric 
acid they take up water and are split up into aldehyde or ketone and 
phenylhydrazine. 

4. By the action of semicarbazide (see 152) semicarbazones are produced: 

^o H H 

R—C + H 2 NNHCONH 2 — H a O + R—C=NNCONH 2 . 

'"'•'H semicarbazone 

The aldehydes or ketones can be recovered from these compounds, which 

are usually well crystallised, by hydrolytic fission. 

Aliphatic aldehydes and ketones show selective absorption in the ultra-violet ( 13 ) ; 
the maximum in the absorption band lies at about 2950 A, for aliphatic aldehydes 
and between 2800 and 3000 A for a number of aliphatic ketones. These absorption 
bands must be attributed to the C = O bond. Table 16 gives the maxima of the ab¬ 
sorption bands for a few ketones in various solvents and without a solvent. It is seen 
that the maximum of the absorption band is displaced towards longer wave-lengths 
by substituting methyl groups. 
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TABLE 16 


MAXIMA OF ABSORPTION BANDS IN THE ULTRA-VIOLET OF SOME KETONES 


• — — — — — —- 

Solvent j 

Water 

Alcohol 

Hexane 

No solvent 

CH3COCH3 

CH3COCHXH3 

CH 3 COCH(CH 3 ) a 

CHjCOQCHjla 

(CH 3 ) 3 CCOC(CH 3 )3 

2640 A 
2665 

2760 

2720 A 
2727 

2822 

2950 

2790 A 
2800 

2845 

2870 

2950 

2740 A (see fig. 20) 
2770 

2850 

2950 (see fig. 20) 



Fig. 20 . Selective absorption in the ultra-violet by some aliphatic ketones 
i = acetone; 2 = pcntamethylacetone; 3 = hcxamethylacetone 

ALKANALS (ALDEHYDES) 

60. The melting points and boiling points of a few aldehydes are given in 
Table 17. The lower members are miscible with water in all proportions. 

TABLE 17 


MELTING AND 

BOILING POINTS 

OF SOME 

ALDEHYDES 

Name 

Formula 

M.p. 

B.p. 

Methanal 

HCHO 

— 118° 

19° 

Ethanal 

CH3CHO 

—123.3° 

20 . 8 ° 

Pro pan al 

C,H 6 CHO 

— 81° 

49.5° (740 mras) 

Butanal 

c 3 h 7 cho 


740 

Pen tan al 

c 4 h # cho 


103.4° 

Heptanal 




(oenantlialdehyde) 

CjH, 3 CHO 

— 43.3° 

152.8° 

Hcxadccanal 




(palmitaldehydc) 

C 15 H al CHO 

34° 

202 ° 
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In addition to the properties which aldehydes and ketones share in 
common, aldehydes alone have the following special characteristics. 

1. Addition of ammonia: this reaction takes place when liquid ammonia 
or a concentrated solution of ammonia in water acts, for example, on 
acetaldehyde: 

C HjCHO + NH 3 —>■ CH3CHOXH3. 


The molecular formula of acetaldehyde-ammonia is three times that of 
the empirical formula; these compounds are split up into their components 
by acids. 



Reaction with alcohols : 


RC + 
\H 


HOC 2 H 5 

hoc 2 h 5 


H 

Uoc,h 6 

RC + H 2 0 . 

\OC.H 5 


This reaction takes place when a mixture of aldehyde, anhydrous alcohol 
and a little hydrogen chloride or anhydrous copper sulphate is warmed ; 
the reaction is reversible. The compounds which are formed, 1,1-dialkoxy- 
alkanes or acetals, are liquids with a pleasant smell. The acetals are readily 
split up hydrolytically into alcohol and aldehyde by warming with dilute 
mineral acids. From this it follows that the alkyl groups are attached to 
the carbon atom of the aldehyde group through oxygen atoms, since a 
bond between carbon atoms would not be broken under these conditions. 
The acetals are not changed by dilute alkalis. Acetals are produced as 
by-products in the preparation of aldehydes by oxidising primary alcohols 
with potassium bichromate and dilute sulphuric acid. 

3. Addition of acid anhydrides. This reaction also occurs under the 
influence of mineral acids: 

o 

II 

/C-CHj /OCOCHj 

CH 3 C -f O —> CH 3 C 

\H \C-CH 3 |\OCOCH 3 

II H 

O 


These addition products are readily split up into their components by 
warming with water. 

4. Polymerisation of aldehydes. By polymerisation is understood a 
reaction in which two or more molecules of the same kind combine with 
each other, so that a new compound {polymer) is produced having the 
same composition as the original compound (monomer) but two or more 
times the molecular weight. If two molecules of the monomer combine, 
the polymer so formed is called a dimer, if three molecules combine, a 
trimer ((xspo? = part) and so on. It can also happen that a large number 
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of molecules of the monomer can combine to a polymer of very high and 

frequently unknown molecular weight. 

Two distinct types are encountered in the formation of polymers: 

a) Where the monomer can be regenerated from the polymer without 
other decomposition reactions occurring, i.e. the polymerisation is a 

reversible process: 

x monomer x _ polymer. 

b) Where the monomer cannot be regenerated from the polymer without 
other decomposition reactions taking place simultaneously, i.e. the poly¬ 
merisation is not reversible. 

Polymerisation reactions also occur in whichthe mutual relationshipbetween 
monomer and polymer does not fit precisely into the division just men¬ 
tioned but stands in between the two limits. Very clear examples of both 
methods of polymerisation are to be found in the aldehydes, however. 

6i. 5. Formation of paraldehyde from acetaldehyde. When a small 

quantity of concentrated sulphuric acid is added to acetaldehyde, a violent 
reaction takes place with the evolution of heat; a liquid is produced, which 
boils at 124 0 (the boiling point of acetaldehyde is 20.8°) and which, from 
analysis and determination of the vapour density, has the formula 
This compound, called paraldehyde or paraethanal, is reconverted into 
acetaldehyde by distillation with dilute sulphuric acid; hence this is a 
reversible reaction: 

3 c,h 4 o c,h I2 o 3 . 

acetaldehyde paraldehyde 

the sulphuric acid acting catalytically. 

Paraldehyde no longer has the characteristic properties of aldehydes, it 
has no reducing power and is not resinified by alkalis. Hence the molecule 

does not contain the group—c^ ; since sodium does not h,c. m 

react with paraldehyde there is no OH group in the o' o 

molecule. The annexed structural formula agrees with H S C\£ i /CHs 

these properties. This formula also takes account of the \\/ \h 

easy disruption of paraldehyde into acetaldehyde, since 

this involves the breaking of bonds between carbon and oxygen only. 

Besides paraldehyde another polymer of acetaldehyde is known, namely meta- 
clhanal, [C,H 4 0] n . a white, crystalline compound, which is produced from etlianal 
under the influence of hydrochloric or sulphuric acids at low temperatures. Met- 
aldeliyde does not give aldehyde reactions; on warming it dissociates into acetaldehyde. 

6. Formation of aldols from aldehydes. On treating acetaldehyde with 
a solution of soda or sodium acetate or with very dilute alkali, a compound 
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of the formula C 4 H 8 0 2 is produced. This compound, 3-hydroxybutanal (aldol), 
still has the properties of an aldehyde; on oxidation it gives an acid of the 
composition C 4 H 8 0 3 , a hydroxy butyric acid (see 131), which can be converted 
into butyric acid (71). Therefore a chain of four carbon atoms must be 
postulated in 3-hydroxybutanal. Hence the combination of two molecules 
of acetaldehyde to hydroxybutanal must be represented as follows: 


o 




o 




o 


C H 3 C —H 4- C H 3 C—H -*■ C H 3 CHOIIC H 2 C—H. 

3 -hydroxybutanal 


Ethanal cannot be recovered in any simple way from 3-hydroxybutanal; 
this is in agreement with the above structural formula. This compound 
has an alcohol and an aldehyde group; hence the name: fl/r/(ehyde-alcoh)o/. 

The formation of aldol, which is known by the simplified nomenclature 
of aldol condensation, takes place with homologues of acetaldehyde in such 
a way that a hydrogen atom from the CH 2 -group, which is directly attached 
to the aldehj'de group, reacts with the aldehyde group in a second molecule: 

RCH.C • + H 2 C—C —>■ RCH 2 CHOII—CMC 

\H “ | \H | \H 

R R 


Aldehydes of the type RiR 2 R 3 c, in which the carbon atom adjacent 

to the carbonyl group has no hydrogen atoms attached to it, do not form 
aldols. 

Aldols can polymerise to dimers; thus 3-hydroxybutanal produces a 
crystalline compound called paraldol, which decomposes into aldol when 
heated in a vacuum. The dimerisation probably takes place as follows: 


hoch—ch 3 

C H 3 C HOHC HoC + >ch 2 

o = C 

H 




/0-C\CH 3 
CH.CHOHC H,—C CH, 


|\OH / 
H 0 = C- 


H 


C H 3 C HOHC H 2 —C H 

O 


O 


CH—CH 2 
CH 


2 


HO/ \H 
paraldol 


When an aqueous solution of acetaldehyde is warmed with not too dilute 
caustic soda or caustic potash, the liquid becomes yellow in colour and a 
yellowish red, amorphous mass of aldehyde resin soon separates. This reaction 
is referred to as the resinification of aldehydes. 


Aldehyde resin must be considered as a product of a further reaction between 
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molecules of aldol by which water is split off; aldol itself easily loses a molecule of 
water on warming and is converted into crotonaldehyde. 

CHjCHOHCHjC -*■ H>0 + CH,CH = CHC • 
aldol \H crotonaldehyde 

7. Aldehydes can react in the presence of strong bases in still another 
way, such that part of the aldehyde is oxidised to the corresponding acid 
and part is reduced to the corresponding alcohol. This reaction, called the 
Cannizzaro reaction, is a characteristic of aromatic aldehydes; in the 
aliphatic series methanal (formaldehyde) can undergo this reaction. 

The Cannizzaro reaction may be regarded as a reaction between two molecules 
of methanal and one molecule of water: 

2 H 2 C = 0 + H s O —> HCOOH + CHjOH. 

The obvious assumption that a hydrogen atom from the molecule of water takes part 
in the formation of the methyl group in the methanol is incorrect, as appears from 
an investigation carried out with the help of heavy water (D a O) (Fredenhagen and 
Bonhoei fer). Pure paraform was treated with a 20 % solution of potassium hydroxide 
in heavy water. The methanol formed was separated in a pure state and then burnt 
over copper oxide. The water produced in the combustion was examined for its 
deuterium oxide content, by a very accurate determination of the specific gravity 
or of the vapour pressure. From this the deuterium content of the methanol formed 
in the Cannizzaro reaction was calculated, and it agreed with one atom of 
deuterium per molecule of methanol. 

In this connection the following must be taken into consideration. It has been found, 
that compounds containing a hydroxyl group rapidly exchange the hydrogen atom 
of this group for an atom of deuterium when brought into contact with heavy water. 
On this account, the methanol produced in the above experiment will contain the 
group -OD. Since only one atom of deuterium is found per molecule of methanol, 
the CII 3 -group contains only light hydrogen. It is assumed that the Cannizzaro 
reaction with methanal in heavy water takes place as follows: a molecule of methanal 
reacts with the “hydrate” of a second molecule of methanal with the formation of 
a compound having the structure of a “scmi-acctal”, then migration of a hydrogen 
atom and the rupture of the ether-oxygen bond takes place: 

OD OD H 

H\ DO\ /W I I I 

C = O + C _> H—C—O—C—H —> H—C—OD + HC—OD. 

DO^ || I II 

H H H O 

It is assumed that the reaction takes the same course in light water. The 
Cannizzaro reaction with benzaldehydc takes the same course, as was shown in a 
similar manner. 

8 . Reactions on aldehydes. For the detection of aldehydes use is made of: 
a. rcsinification by alkalis; b. the reducing action of aldehydes on ammoniacal 
silver solution. The latter is obtained by adding a slight excess of potassium 
hydroxide to a solution of silver nitrate and then adding sufficient ammonia 
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to dissolve the precipitate of silver hydroxide by forming complex com¬ 
pounds. A dilute aqueous solution of an aldehyde precipitates metallic 
silver from this reagent (silver mirror). This reaction is also brought about 
by some other reducing agents, however, c. A solution of fuchsin decolouris¬ 
ed with sulphur dioxide is coloured reddish violet on the addition of an 
aldehyde by the formation of coloured condensation products. 

The conversion of aldehyde into acids can also occur in the absence of oxygen. 
Wieland shook a solution of acetaldehyde in water with palladium black with the 
exclusion of air. In this experiment acetic acid was produced, while the palladium 
took up hydrogen. It is assumed that a hydrate of the aldehyde is first formed from 
which hydrogen is subsequently split off: 

H 

| /OH /jO 

ch 3 c +h 2 o-ch 3 c -> C H 3 C + h 2 . 

\H \OH \OH 


If access to air is possible (or if an oxidising agent is added) the hydrogen attached 
to the palladium is oxidised to water and the formation of more acetic acid occurs; 
the palladium then acts as a catalyst. Wieland also showed that anhydrous acetalde¬ 
hyde is not oxidised with dry silver oxide; on adding water the reaction takes place 
immediately. 

62 . Methanal or formaldehyde, CH 2 0, was first prepared by A. W. Hof¬ 
mann (1868) by passing methanol vapour and air over heated platinum; 
in the technical preparation of formaldehyde copper gauze is used as the 
contact substance. Formaldehyde is also formed by irradiating a mixture 
of carbon monoxide and hydrogen with ultra-violet light, as well as by the 
action of ozone on methane or ethylene. It is produced in small quantities 
by incomplete combustion of methane ( 24 ) and many organic substances 
such as wood, peat, etc. Methanal polymerises very easily. Gaseous mono¬ 
meric methanal can be obtained by heating paraform; it is a colourless, 
combustible gas with a penetrating odour, which vigorously attacks the 
mucous membranes. Liquid formaldehyde begins to polymerise at as low 
a temperature as —8o°. It is readily soluble in w r ater but in this solution 
only a small proportion is present in the imeombined state. 

The ultra-violet spectrum of a dilute aqueous solution of formaldehyde does not 
show the characteristic bands of 0=CH 2 , which are observed in a dilute solution of 
the substance in hexane. Therefore, it is assumed that methanal is present in aqueous 
solution mainly in the form of the hydrate CH 2 (OH) 2 . Examination of the Raman 
spectrum leads to the same conclusion. Similar observations have been made for 
acetaldehyde in aqueous solution. The hydrates of unsubstituted aldehydes are 
unstable and cannot be isolated as such (compare, however, chloral hydrate 128 ). The 
acetals ( 60 ) may be regarded as the ethers of the hypothetical 1 , 1 -dihydroxyalkanes, 
RCH(OH) 2 . A concentrated aqueous solution of formaldehyde contains poly-oxy- 
methylene glycols, which are produced from the hydrated form of formaldehyde: 

HOCHjOH + [HOCHjOH] x + HOCH 2 OH->HOCH z O—[C H 2 0]x —CH 2 OH or HO[CH 2 0] x+2 H 
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These compounds exist in equilibrium with the hydrated form of methanal so that 
a solution of formaldehyde in water behaves in most chemical reactions as if the 

formaldehyde is present in the free state. 

Staudinger has actually isolated some of these polyoxymethylene glycols; on 

warming they split up into formaldehyde and water. 

Moreover, several polymers of methanal having the composition (CH z O) n are also 
known. Trioxan. (CH 2 0) 3 is crystalline, melts at 6i° and boils at 115 f it has no 
reducing properties and is split up into methanal by wanning with mineral acids. 

A cyclic structure: 

H.C CH, 


O 


O 


H,. 

trioxan 


s given to this compound (compare paraldehyde). 

U suu respects methanal has different properties from the succeeding 
numbers of the homologous series. By the action of concentrated ammonia 
on a concentrated solution of formaldehyde in water, a crystalline compound 
(CH 2 ) 6 N 4 , hexamethylenetetramine or liexatnine is formed: 


6 CH.O + 4 NH 3 —> C,H ia N 4 + 6H,0. 

Chiefly on the basis of X-ray examination, the structure given here is usually 

attributed to this compound. 

Hexamethylenetetramine, an old and incorrect name, has 
weakly basic properties. It is used in the manufacture of 
synthetic resins and in medicine as an internal disinfectant 
(urotropine). 

Under the influence of strong alkali formaldehyde 
undergoes the Cannizzaro reaction (61) with the 
formation of sodium formate (69) and methanol: 

2 CH a O aq. + NaOH—>■ HCOONa + CH 3 OH. 

Methanal undergoes the aldol condensation under 
the influence of weak bases (see 61) with the for¬ 
mation of monosaccharides (CH 2 O) 0 (159). 

For practical use formaldehyde is put out as formalin or formal, i.e. the 
commercial name for a solution of about 40 % formaldehyde in water, or 
as paraformaldehyde (paraform ). This latter substance is obtained by 
evaporating an aqueous solution of formaldehyde and consists of a mixture 
of polyoxymethylene glycols, HO(CH 2 0 ) n H; in current brands the average 
value of "n” is about 50. Paraform is a colourless solid, which splits up. 
into methanal and a little water vapour on warming. Formaldehyde is used 
in dilute aqueous solution and also in the gaseous form as a disinfectant. 


h 2 
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Formaldehyde gives condensation products with phenols, which are used as syn¬ 
thetic resins and plastic products. Synthetic resins are also obtained from formaldehyde 
and casein. A solution ot formaldehyde acts on proteins and converts them into 
solid, elastic products (preservation of anatomical specimens with formol). Form¬ 
aldehyde is also used in the preparation of various synthetic dyestuffs and in the 
leather industry. 


63. Ethanal, acetaldehyde, ch 3 c^ , was first prepared in a pure state by 

Liebig (1835); it is a light, mobile liquid with a not unpleasant and some¬ 
what stupefying odour. It is miscible with water in all proportions, very 
volatile and easily oxidisable. Ethanal is prepared from acetylene (91) on 
a large scale as an intermediate for the synthesis of acetic acid (70). 

Higher aldehydes . Octanal or caprylaldehyde, C-H 15 CHO and non anal or 
pelargonaldehyde, C 8 H 17 CHO, occur in essential oils ( e.g . in rose oil and in 
lemon oil) and are used as perfumes. 


ALKANONES (KETONES) 

64. In the discussion of the structure of the alkanones it has already been 
mentioned that these compounds are split up by vigorous oxidation with 
chromic acid or with potassium permanganate, the carbon chain being 
broken at the carbonyl group (see 57). The rupture of the carbon chain 
can occur in either of two places: 

R—C—R' or R—C—-R'. 

II II 

o o i 

From undecanone-2 (methyl nonyl ketone) ch 3 — c— c 9 h 10 there should be 

o 

1 11 

produced: formic acid, HCOOH, and nonane i-carboxylic acid, C 9 H 19 COOH, 
by fission occurring at I, or acetic acid, CH 3 COOH, and octane i-carboxylic 
acid, C 8 H 17 COOH, by fission occurring at II. Experience has shown that 
oxidation takes place in both directions, so that in general, four acids can 
be produced from a ketone; usually that mode of fission predominates in 
which the carbonyl group remains attached to the smaller alkyl residue. 

Ketones are much less readily oxidised than aldehydes; they do not react 
therefore with ammoniacal silver solution. The alkanones do not form 
addition products with ammonia like the aldehydes. Compounds like 
diacetonamine, C 6 H 13 ON (= 2C 3 H 6 0 + NH 3 — H s O) and triacetonamine, 
C 0 H 17 ON, (= 3C 3 H g O + NH 3 — 2H 2 0), can be formed from acetone and 
ammonia but these are produced by the elimination of water. 

Ketones do not polymerise. By the action of barium hydroxide on acetone 
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a condensation product, diacetone alcohol or 4 -hydroxy- 4 -methylpenlanone- 2 . 
a substance, which contains a ketone group and an alcohol group, is 


produced: 


CH ’-C=0 + C Hj—C—C H s 
CH,/ * 


CH,\ 

C(OH)CH,COCH,. 

CH/ 


This reaction may be compared with the aldol condensation with alde- 

h ' V The boiling points and melting points of a few alkanones are given in 
Table 18. 


TABLE 18 

MELTING AND BOILING POINTS OF SOME ALKANONES 


Name 

Formula | 

M.p. 

B.p. 

Propanone, acetone 

(CH,) s CO 

—94.8° 

56.2° 

Butanone, methyl ethyl ketone 

CH 3 COC 2 H 6 

—86.4° 

79.6° 

Pentanone-3, diethyl ketone 

C 2 H 6 COC 2 H 5 

—39.9° 

102.0° 

Hcxanone-2, methyl butyl ketone 

ch 3 coc 4 h 7 

—56.9° 

127° 


65. Propanone, acetone (CH 3 ) 2 CO. Acetone is prepared on a commercial 
sc clIc * 

1. by heating calcium acetate, 2. by passing acetic acid vapour at 
about 480° over catalytically active metallic oxides (alumina, lime + mag¬ 
nesium oxide) and 3. by decomposing starch by means of certain bacteria 
(bacillus aceto-aethylicus and bacillus macerans), when ethyl alcohol is 

produced besides acetone. o 

Acetone is a colourless liquid, with a specific gravity of 0.812 at o , 

and a characteristic burnt smell. It is miscible with water in all proportions 
and is a good solvent for many organic substances; it is used in the manu¬ 
facture of smokeless gunpowder and celluloid and is the starting point for 
the manufacture of important compounds, e.g. chloroform and iodoform. 

Normal urine contains very small quantities of acetone, which are greater 
however in certain pathological conditions (diabetes tnellitus). 


(viii) MONOBASIC ALKANE CARBOXYLIC ACIDS CnH 2n 0 2 

66. There are various methods for the formation of the monobasic acids 
of the general formula C n H 2n 0 2 from which the structure of these compounds 
can be deduced. When dry carbon dioxide is passed into an ethereal solution 
of alkylmagnesium bromide, a solid substance of the composition C n H 2n +i 
MgBrCO z is precipitated. The alkyl-magnesium bromide enters into reaction 
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with the carbon dioxide, one of the double bonds between carbon and 
oxygen being transformed into a single bond; the alkyl group of the alkyl- 
magnesium bromide becomes attached to carbon while the magnesium atom 
combines with the oxygen atom because magnesium has a greater affinity 
for oxygen: 

BrMgO \ 

CnH2n + lMgBr i O = C = O — *■ C = O. 


C 


nHun + 1 


When this addition product is treated with water, an acid and basic magnes¬ 
ium bromide are produced: 


BrMgO \ 

C n H2n + l 


/O /OH 

C = O + H 2 O —C u H2n + lC + Mg 

\OH \Br. 


According to this method of formation, a group —c^° , called the 

\OH 

carboxyl group, attached to an alkyl group, occurs in the acids of formula 


C n H 2n O 


2 * 


Another synthesis, similar to the one above, but which is applicable in 
a few cases only, confirms this opinion. This is the formation of the sodium 
salt of acetic acid, for example, by the action of dry carbon dioxide on 
sodium methyl: 


CHjN'a + 0 = C = 0 —> NaO—C = O 


CH 


The formation of acids by the hydrolysis of carbonitriles amounts to the 
addition of water; because an acid with the same number of carbon atoms 
is produced from the carbonitrile, this addition can take place only on 
the —C=N group. We shall see later, that in the conversion of carbonitriles 
into acids, an intermediate product, an acid amide R—CO—NH,, which 
is produced by the addition of one molecule of water to the CN-group, may 
be formed. This acid amide is split by a second molecule of water in the 
subsequent stage of the reaction: 


R—C=N + HjO-R-C-NH. 

II 

o 

R—C—NH, + H,0 — R—C—OH + NH 3 . 

II " II 

o o 


This method of formation also is in agreement with the structure derived 

/O 

above. The generic name for compounds, containing the group —c 


\OH 


is carboxylic acids. The action of phosphorus chlorides shows that this 
group contains a hydroxyl group. As with the alcohols, OH is then 
replaced by Cl. 
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The acids C n H 2 „ 0 2 are monobasic, therefore, one hydrogen atom can be 
replaced by metals with the formation of salts. It is an obvious -sumption 
that this is the hydrogen atom in the carboxyl group because this the 
only hydrogen atom in the molecule, which is combined in a particular way, 
namely to oxygen. This assumption is supported also by the following fact. 

When methyl iodide is allowed to react with the silver salt of acet ' c acld ' 
C 2 H 3 0 2 Ag, for example, a substance C 2 H 3 0 2 CH 3 is produced, which no 

longer possesses acid properties: 


CH a C^° + CH,1- CH ,C^ rH +ASl ' 

\OAg \OCH 3 


The carboxylic acids are produced by oxidation of primary alcohols (29) 

the grouping -CH 2 OH being converted into -<^V When this occurs it 

is seen that by replacing the two hydrogen atoms by a doubly bound 

oxygen atom, the properties of the hydroxyl group in -<° H are altered 

when compared with the properties of the hydroxyl group in ~PLOH; 
in the former grouping the hydrogen atom is mmsable and in th e alter 
it is not Other methods of forming these acids are given in 123 and 148. 


67. Nomenclature. Acids of the general formula C„H 2ntI COOH are called 
alkane carboxylic acids, because these substances are regarded as deriva¬ 
tives of hydrocarbons in which one hydrogen atom is replaced by the car- 
boxyl group; CH 3 COOH methane carboxylic acid (acetic acid), C 2 H 5 COOH 
ethane carboxylic acid (propionic acid), C 3 H 7 COOH propane carboxy ic 
acid (butyric acid). This nomenclature is not applicable to the first member 
of the series, formic acid. Because a number of acids of this series are 
obtained as fission products from fats, the alkane carboxylic acids are also 


called fatty acids. . , , 

The group of atoms C„H 2n+I C= 0 , which remains when the hydroxyl 

group is removed from an alkane carboxylic acid, is named after the acid 

from which it is derived by adding the suffix "yl”; thus HCO hydrogen- 

carbonyl (a hypothetical name, which is never used in practice) or formyl 

(from acidum formicum), CH 3 CO methane-carbonyl or acetyl (from acidum 

aceticum), C 2 H 6 CO ethane-carbonyl or propionyl, C 3 H,CO propane-carbonyl 


or bulyryl (from acidum butyricum), etc. 

Some of the physical properties of the alkane carboxylic acids are given 

in Table 19. While the boiling points increase regularly with the number 

of carbon atoms in the molecule, the melting points of the acids with even 

numbers of carbon atoms are higher than those of the preceding and 
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TABLE 19 

SOME PHYSICAL CONSTANTS OF ALKANE CARBOXYLIC ACIDS 


Name 


I 

Formula 

I 

M.p. 

• 

Spec. 

grav. 

dj° 


Formic acid 

ch 2 o 2 

1 8.5° 

100 . 8 ° 

1.2203 

Methane carboxylic acid 

Acetic acid 

CoH 4 o 2 

16.67° 

118.1° 

1.0492 

Ethane carboxylic acid 

Propionic acid 

c 3 h 6 o 2 

— 20 . 8 ° 

141.3° 

0.9930 

Propane 1-carboxylic acid 

Butyric acid 

c 4 h 6 o 2 

— 5.50° 

164.0° 

0.9577 

Butane 1-carboxylic acid 

Valeric acid 

U 5 H 10 OO 

—34.5° 

186.3° 

0.9392 

Pentane 1-carboxylic acid 

Caproic acid 

c 6 h 12 o 2 

— 3.9° 

202 ° 

0.9270 

Hexane 1-carboxylic acid 
Heptane 1-carboxylic acid 

Heptanoic acid 
Caprylic or 

c 7 h 14 o 2 

— 7.5° 

223 ° 

0.9181 

Octane 1-carboxylic acid 

octoic acid 
Nonoic orpelar- 

c 8 h 16 o 2 

16.5° 

239° 

0.9088 

Nonane 1-carboxylic acid 

gonic acid 
Capric or 

C 9 H 18 0 2 

12.5° 

254° 

0.9057 


decoic acid 

C 10 H 2Q 0 2 

31° 

268° 

0.8858c! * 

« 

Decane 1-carboxylic acid 

Undecoic acid 

ChH 22 0 2 

30° 

164° 

15 nun. 

Undecane 1-carboxylic acid 

Laurie acid 

^-12^24^2 

44° 

180° 

10 nun. 

0.8573d 

Dodecane 1-carboxylic acid 

Tiidecoic acid 

C 13 H 2602 

45.5° 

200 ° 

24 nun. 


Tridecane 1-carboxylic acid 

Myristic acid 

C 14 M 2800 

53.6° 

199° 

10 nun. 

0.8528d'° 

Tetradecane 1-carboxylic acid 

Pentadccoic acid 

Cl5^3o0 2 

54° 

257° 

100 nun. 


Pentadecane 1 -carboxylic acid 

Palmitic acid 

^16^32^2 

62.62° 

271.5° 

100 nun. 

0.8487d’° 

Hexadecane 1 -carboxylic acid 

Margaric acid 

C 17 H 3402 

60.5° 

227° 

100 mm. 


Heptadecane 1-carboxylic acid 

Stearic acid 

C 18 H 3 e 0 2 

69 6 ° 

291° 

100 mm. 

0.8390dJ° 


succeeding acids with odd numbers, see graph, Fig. 21, p. 116. This pheno¬ 
menon is observed also in some other homologous series. 

The first nine members of this series are liquids, the first three having 
a strongly acrid smell. The members with ten and more carbon atoms are 
solid at ordinary temperatures and are odourless; the solubility in water 
decreases as the number of carbon atoms increases and is very low for the 
higher members. The higher members are only very slightly volatile and 
cannot be distilled under ordinary pressure without decomposition. 

On association in lower fatty acids see 41. 

68. Electrolytic dissociation. It has been found that the dilution law of 

a 2 

Ostwald —-— = k, where the “dilution” v = the number of litres of 

K 1 — ajv 
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solution per grammolecule of dissolved substance, accurately represents 
the relationship between the degree of ionisation and the dilution for weak 
electrolytes, particularly for very many organic acids, so that the same 
value is found for k, within limits of the experimental error, at different 

dilutions. Table 20 gives some examples of this. 


TABLE 20 


8 

16 

82 

64 

128 

1024 


ELECTROLYTIC DISSOCIATION OF SOME ALKANE CARBOXYLIC ACIDS 


Acetic acid 


100a 


1.193 

1.673 

2.380 

3.33 

4.68 

12.66 


0.0000180 

0.0000179 

0.0000182 

0.0000179 

0.0000179 

0.0000177 


Propionic acid 


w-Butyric acid 


100a 


100a 


1 

8 

1 

1.016 

M 

0.0000130 

8 

1.068 

0.0000144 

16 

1.452 

0.0000134 

16 

1.536 

0.0000150 

32 

2.050 

0.0000134 

32 

2.165 

0.0000149 

64 

2.895 

0.0000135 

64 

3.053 

0.0000150 

128 

4.04 

0.0000133 

128 

4.292 

0.0000150 

1024 

10.79 

0.0000128 

1024 

11.41 

0.0000144 


The strength of an acid is determined by the degree to which it is dis¬ 
sociated in aqueous solution. Since, according to Ostwald's formula, the 
ionisation constant k increases with the degree of ionisation, the numenca 
value of k is a measure of the strength of the acid. The values of k for some 

alkane carboxylic acids are given in Table 21. 

It is seen that formic acid is much stronger than the succeeding acids 
of the scries, which themselves do not differ appreciably in strength. Most 
organic acids arc very much weaker than hydrochloric acid, nitric acid or 
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sulphuric acid. Thus in a normal solution, hydrochloric acid is already split 
up into ions to an extent of 80 %, but acetic acid, on the other hand, to 
an extent of only 1.2 % in a i/8th normal solution. 

TABLE 21 

IONISATION CONSTANTS OF SOME ALKANE CARBOXYLIC ACIDS 


Name 

k 

Formic acid 

0.000205 

Acetic acid 

0.000018 

Propionic acid 

0.000013 

ji-Butyric acid 

0.000014 

M-Valcric acid 

0.000016 


69. Formic acid. This compound occurs in the bodies of red ants {formica 
ntfa) from which the name /or;«?c acid or acidum formicum is derived. 
Various plants, e.g. stinging nettles, also contain formic acid. The sodium 
salt of formic acid, sodium formate, is prepared on a commercial scale by 
the action of carbon monoxide on sodium hydroxide at about 150° and at 
high pressures: 

NaOH + C = 0 —HC 

\ONa. 

This method of formation was discovered by Berthelot. The formation 
of potassium formate by the action of carbon dioxide on potassium hydride 
is of interest: 

KH + 0 = C = 0 — HC 

\OK. 

Analogous to this reaction, in which carbon dioxide is converted into 
a salt of formic acid by reduction, is the preparation of potassium formate 
by the action of hydrogen at 70° and 60 atm. pressure on a solution of 
potassium bicarbonate in presence of palladium black as catalyst. 

Anhydrous formic acid is a colourless, mobile liquid with a very pungent 
smell; it attacks the skin. 

The chemical behaviour of formic acid deviates in several respects from 
that of subsequent members of the series; it has already been mentioned 
that formic acid is considerably stronger than its homologues. Formic acid 
is easily oxidised and therefore has reducing properties. Chromic oxide 
reacts violently with anhydrous formic acid producing carbon dioxide and 
water. A solution of sodium formate is oxidised by potassium permanganate. 

When mercuric oxide is dissolved in formic acid, mercuric formate is first 
produced; on warming the solution, this salt decomposes into formic acid, 
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carbon dioxide and mercurous formate, which separates as a white precip¬ 
itate. On warming for a longer time metallic mercury separates: 


HP OOCH x Hg' /OOCH -:HgOOCH + CO s + HCOOH 
\OOCH NOOCH 

2 HC OOHg —► 2 Hg + COi + HCOOH. 


Thus in this reaction half of the formic acid combined in the mercuric 
formate is oxidised. A similar reaction takes place when a solution of silver 
formate is warmed and metallic silver separates; thus formic acid reduces 

a solution of silver nitrate. 

In its behaviour towards oxidising agents formic acid differs sharply 
from its homologues which are much more stable towards these reagents. 
When the structural formula of formic acid is compared with that of its 

homologues: 


lie 


\OH 


H 

I 

RC—C 

| NOH, 
H 


it is seen, that when the C-atom of the carboxyl group is oxidised further, 
this can happen in formic acid only by a H—C bond being broken, but with 

the homologues a C—C bond must be ruptured. 

The difference in behaviour towards oxidising agents between formic acid 
and succeeding members of the series, indicates that in these reactions the 
bond between a hydrogen atom and the C-atom of the carboxyl group is 
more easily broken than the bond between a carbon atom of an alkyl group 
and the C-atom of the carboxyl group. A similar case arises in the difference 

in oxidisability between aldehydes and ketones (57)* 

Another property of formic acid, which is not encountered with the 
homologues, is the decomposition with concentrated sulphuric acid whereby 
carbon monoxide and water are produced. Formic acid may also decom¬ 
pose in another way, namely, into carbon dioxide and hydrogen. 

1st. HCOOH—> co + h,o. 

2nd. HCOOH —► CO, + H,. 

Both reactions can take place when the vapour of formic acid is passed 
over certain catalysts at a temperature round about 3 00 » * n presence of 
finely divided copper or nickel, zinc oxide or stannous oxide (SnO), the 
2nd decomposition occurs; with aluminium oxide or silicon dioxide as 
contact material the reaction takes place according to the 1st scheme. 
This is an excellent example of the influence of the nature of the catalyst 
on the course of a chemical reaction. 
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The decomposition of formic acid can also be accomplished by ultra-violet 
light; it then depends on the wave-length of the light as to which of the 
two reactions 1 and 2 predominates. 


70. Acetic acid. Methane carboxylic acid CH 3 COOH. Dilute acetic acid 
was known in ancient times in the form of wine vinegar. Many species of 
plants contain esters of acetic acid and the substance itself occurs in the 
free state in the vegetable kingdom. 

Acetic acid is prepared commercially in three ways: 

1. The oldest method depends on the oxidation of dilute alcohol by 
atmospheric oxygen under the influence of bacteria (mycoderma aceti). 
Vinegar is obtained in this way from wine or beer. In the quick vinegar 
process, dilute alcohol (5 — 10 %) with beer or an extract of malt, which 
must serve as food for the bacteria, is allowed to drip over beech shavings; 
air is forced in at the bottom of the vat so that it comes into intimate 
contact with the descending liquid. The conditions must be so chosen that 
the acetic acid bacteria, which bring about the oxidation, can develop 
prolifically, e.g. by keeping the contents at the most suitable temperature 
(between 25 0 and 35 0 ). 

2. It has already been mentioned in 30 that acetic acid is also produced 
in the dry distillation of wood (wood vinegar). The acetic acid is converted 
into calcium acetate by the addition of slaked lime; after separation and 
purification, the calcium acetate is decomposed with sulphuric acid and 
the acetic acid recovered by distillation. 

3. Large quantities of acetic acid are at present produced synthetically 
starting from acetylene (see 91). 

Pure acetic acid solidifies at 16.67° anc * the solid closely resembles ice 
in appearance; the name glacial acetic acid for anhydrous material is derived 
in this way. This substance has a very pungent odour and causes burns 
on the skin. On mixing acetic acid with water, heat is developed and the 
volume contracts. 

Most salts of acetic acid, methane carboxylates or acetates , are soluble in 
water; the silver salt is difficultly soluble. When ferric chloride is added to 
a solution of an acetate, a red colouration is produced due to the formation 
of ferric acetate (the same colour is also produced, however, by salts of 
formic acid and propionic acid). When the solution is boiled, provided the 
dilution is sufficient, a brownish red precipitate of a complex ferriacetato- 
compound is formed and acetic acid is liberated. 


Acetic acid and its esters are used both in the laboratory and commercially for 
a large number of syntheses and preparations. 

Lead acetate (sttgar of lead) and basic lead acetates (lead vinegar) are used for the 
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manufacture of white lead (basic lead carbonate). Aluminium acetate and chromium 
acetate arc soluble in water, but are converted into basic salts when the aqueous 
solutions are heated: on this depends the use of aluminium and chromium acetates 

as mordants in the dyeing of woven fabrics. , , . „ . 

As regards the chemical properties of acetic acid, mention has already been ma 
of the stability of this substance towards oxidising agents; oxidations with chromic 
oxide, for example, can be carried out in glacial acetic acid as solvent. 

On heating a mixture of anhydrous sodium acetate and soda-lime, methane ( ) 

is formed: 

CH,CO,Na + NaOH—>■ Na s CO s + CH 4 . 


In principle the same reaction can be carried out with the sodium salts of homo- 
logues of acetic acid ; e.g. propane can be prepared from sodium butyrate. This metho 
is not suitable however as a method of preparation for the higher alkanes, since the 
hydrocarbons formed, decompose at the temperature necessary lor the reaction. 

Acetic acid and its homologues are split up by ultra-violet light, mainly in accord¬ 
ance with the equation: 

RC 0 2 H —>■ RH + CO,. 


71. Propane carboxylic acids. Butyric acids C 4 H 8 0 2 . Two isomeric acids 
C,H 8 0 2 are known; propane i-carboxylic acid or normal butyric acid, 
CH 3 CHXH 2 C 0 2 H and propane 2-carboxylic acid or isobutync acid, 
(CH 3 ) 2 CHC 0 2 H. The structures of these acids follows from their synthesis; 
the normal acid is produced from >i-propy) iodide the iso-compound from 
isopropyl iodide: 


C H a C HjC Hjl —> CH,C H 2 C H,CN —>• CH,CH,CH,CO,H 


CH,\ CH,\ CH,\ 

CHI- CHCN- CHCOOH. 

CH,/ CH,/ CH, 


Normal butyric acid has this name because it can be obtained from 
butter; it is also called fermentation butyric acid since it may be produced 
by fermentation of sugar or starch by bacillus butyricus; this is the way 
it is prepared technically. It has a most unpleasant odour. 

The calcium salts of the isomeric butyric acids show a remarkable difference, the 
salt of the normal acid is more difficultly soluble in hot water than in cold; the calcium 
salt of the iso-acid on the other hand, follows the general rule and is more easily soluble 
in hot water than in cold. According to the principle 01 mobile equilibrium, normal 
calcium butyrate should dissolve in water with the evolution of heat and calcium 
isobutyrate with the absorption of heat; this is actually what is observed. 


72. Butane carboxylic acids, Valeric acids C 6 H 10 O 2 . According to the theory 
of structure four butane carboxylic acids are possible and all these are 
known. 
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CHjCHjCHjCHjCOOH butane i-carboxylic acid or u-valeric acid. 

CHjCHCHjCOOH or (C H 3 ) 2 C HC H 2 C OOH 2-methylpropane i-carboxylic acid or iso-valeric acid. 

iHa 

CH s CHjCHCH 3 butane 2-carboxyIic acid or mcthylethylacetic acid. 

ioOH 


butane i-carboxylic acid or w-valeric acid. 


COOH 


H 3 AcH 3 or (CHjljCCOOH 
^H 3 


2-metliylpropane 2-carboxylic acid or trimethylacetic 
acid. 


w-Valeric acid is produced by the oxidation of pentanol-i, isovaleric acid 
by oxidation of 3-methylbutanol-i. The other two acids can be made by 
synthetic methods which establish their structure, (see 123). 

Isovaleric acid occurs in the free state in root stocks of valcriana officinalis; 
it is used for the preparation of certain drugs. 


73. Higher alkane carboxylic acids (fatty acids) C n H 2n 0 2 . The higher alkane 
carboxylic acids with normal carbon chains are to be regarded as building 
stones of important vegetable and animal substances. The fats indeed 
consist of esters of glycerol in W’hich this trihydric alcohol is esterified with 
higher alkane carboxylic acids, chiefly pentadecane i-carboxylic acid or 
pabmtic acid, C 16 H 32 0 2 , and heptadecane i-carboxylic acid or stearic acid, 
C 18 H 36 0 2 , along with unsaturated acids (see 101). 

Besides the alkane carboxylic acids with 16 and 18 carbon atoms, a 
number of others are also found as fission products of fats, e.g., nonadecane 
carboxylic acid or arachidic acid, C 20 H 40 O 2 , tridecane carboxylic acid or 
mynstic acid, C 14 H 28 0 2 , undecane carboxylic acid or lauric acid, C 12 H 24 0 2 , 
nonane carboxylic acid or capric acid, C 10 H 20 O 2 , heptane carboxylic acid or 
caprylic acid, C 8 H 16 0 2 , pentane carboxylic acid or caproic acid, C 6 H 12 0 2 , 
propane carboxylic acid or butyric acid, C 4 H 8 0 2 . 

Many higher fatty acids occur in different kinds of w'axes and in essential 
oils as esters of other alcohols. 


The arrangement of molecules in thin layers and the dimensions of the molecules of 
the higher fatty acids 

74* When a small quantity of fat, e.g. triolein, dissolved in benzene is placed on 
the surface of water and the benzene is allowed to evaporate, a very thin layer of 
oil will remain behind. The surface of this oil layer can be measured after it has been 
rendered visible by dusting it with powdered talc. From the weight of oil taken, it 
is possible to calculate the volume and also the thickness of the oil layer. It is then 
found that the thickness is of the same order of magnitude as the dimensions of a 
single oil molecule. Therefore it is assumed that such a layer is only one molecule 
thick. This opinion has been confirmed by other kinds of experiments. 

From measurements of the surface tension at the interface between water and 
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liquid* immiscible with water. Harkins has come to the conclusion.the molecules 
of a number of organic substances in such interlaces are orientated in a dehntte 
d recUoT , g in the case of water and octanol the alcohol molecu es are onenta ed 
With the hydroxyl groups turned towards the water, while the carbon chains of the 

alcohol molecules point in the opposite direction. tn he reoresented 

A monomolecular layer of palmitic acid for example, on water has tube mpresentccl 

in such a way that the carboxyl groups dip into the water and the carbon chains stick 

up at right angles to the surface of the water. This holds also for esters of higher 

fatty acids, the ester group being directed towards the water • 

By means of a method discovered by Langmuir it is possible to dete ™ I C “P Cr ' 

mentally the smallest possible surface, which a monomolecu ar layer can occupy. 

in this condition the molecules of the monomolecular layer lie as closely togeth 

a "Whim*the experiment is carried out with a known weight of palmitic acid with 
the aid of AvoLdro's number ( 6.06 X .o») the total number °£ molecules in the 
monomolecular layer can be calculated and hence the surface occupied by one molecule 
in this layer can be computed. In the third column of Table 22 is given the available 

surface per molecule expressed in units of io 10 square centimeters. . 

This number is the same for fatty acids with 14 to 22 carbon atoms inclusive 
These substances differ considerably in the total size of their molecules but occupy 
the same surface per molecule in the monomolecular layer. This is quite understan 
if the molecules in this layer arc so arranged that the carboxyl group dips into the 
water and the carbon chains stick up at right angles to the surface oi the ^ ter 'J he 
numbers in the third column then represent the section or width of the carbon cha . 

TABLE 22 

UlaR DIMENSIONS OF THE HIGHER FATTY ACIDS 


MOL EC 


Name 


Myristic acid 

w 

Te trade cane carboxy 
Palmitic acid 
Cetyl alcohol 
Stearic acid 
Stearamidc 
Bchcnic acid 
Ethyl palmitatc 
Ethyl behenate 
Tripalmitin 
Glycol dipalmitatc 


lie acid 


Formula 

Width of 
the molecule 
in cm x 10 18 

Length of 
the molecule 
in cm x 10 8 

CH 3 (CH 2 ) I2 COOH 

21 

21.1 

CH 3 (CH 2 ) i3 COOH 

21 

22.4 

CH 3 (CH 2 ) 14 COOH 

21 


CH 3 (CH 2 ) 14 CH,OH 

21 

22.4 

CH 3 (CH,) I8 COOH 

21 

26.2 

CH 3 (CH 2 ) 10 CONH a 

21 

26.1 

CH 3 (CH a ) .joCOOH 

21 

31.4 

CH 3 (CH 2 ) 14 COOC 2 H 5 

21 

26.1 

CH 3 (CH 2 ) 20 COOC 2 H s 

21 

34.0 

(C 16 H 3 I COO) 3 C 3 H 6 

G3 


(C» 6 H 3 l COO) 2 C 2 H 4 

42 

1 


In the fourth column is given the approximate calculated values for the leng 

of the molecule in Angstrom units (io- 8 cm). 

It follows that the molecules of these fatty acids have an elongated form. When 
the carbon chain is increased by one CH, group the length of the molecule increases 

by about 1.3 Angstrom units (compare 37 ). 
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It may be seen also from the table, that in a monomolecular layer of tnpahnitin 
on water, the width of a single molecule is not 21 but 63 Angstrom units. This is to 
be expected, since the molecule of the fat dips into the water by the esterfied carboxyl 
groups while the three carbon chains of the palmitic acid residues stand up above. 


(ix) DERIVATIVES OF ALKANE CARBOXYLIC ACIDS PRODUCED BY 

SUBSTITUTION IN THE CARBOXYL GROUP 


(a) Acid chlorides or alkane carbonyl chlorides 

75. These compounds are produced by the action of phosphorus penta- 
chloride or phosphorus trichloride on alkane carboxylic acids: 

Cntl 2 n + lC + PClfi-*’ C u Il2n+lC -f- HC 1 + POCI3 

\OH \C 1 

3C n H2n + lC + PCI3 —*■ 3C11H211 + 1C -f H3PO3. 

\OH \C 1 


From an acid of the general formula C n H 2n 0 2 , there is produced an acid 
chloride of the general formula C n H 2n -iOCl; an oxygen atom and a hydrogen 
atom are replaced by a monovalent chlorine atom; thus the OH-groupof the 
carboxyl group must be substituted by a chlorine atom. The acid chlorides 


contain therefore the group — of . 

'"'-Cl 

These compounds are decomposed by water into the corresponding alkane 
carboxylic acid and hydrogen chloride; with the lower members, this 
reaction takes place very rapidly even at room temperatures. 

The alkyl chlorides do not react with water at room temperatures. 


A primary alkyl chloride has the structure r—c—h , an acid chloride has 

\ci 

the structure R— . Thus it follows that the bond between carbon and 

\ci 

chlorine becomes less powerful when two hydrogen atoms also attached 
to the carbon atom are replaced by a doubly bound oxygen atom. 

The lower members of the series of acid chlorides are liquids with a sharp, 
titillating odour, which fume in the air and may be distilled without de¬ 
composition. The chloride of formic acid is unknown but formyl fluoride 


hc ^ f has been described. The boiling points of the acid chlorides are lower 


than those of the corresponding acids. 

The acid chlorides react easily with alcohols with the formation of esters: 

( 38 , 77 )- _^ 

R—C H 2 OjH + ClQ^C Rj-*- RC H 2 0 —C — R x + HC 1 . 

O 


O 
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T h ONE FUNCTIONAL GROUP 
TABLE 23 


BOILING AND MELTING POINTS OF SOME ACID CHLORIDES 


I > 1 L1 vi ^ *- 

Name 

Formula 

B.p. 

M.p. 

Acetyl chloride or methane carbonyl chloride 

CH,C 

\C 1 

51 ° 

— 

Propionyl chloride or ethane carbonyl chloride 

c 2 h 5 c 

\C 1 

78° 

— 

Butyryl chloride or «-propane carbonyl chloride 

c 3 H 7 c 

\C 1 

101 ° 

— 

Palmityl chloride or n-pentadecane carbonyl 
chloride 

Stcaryl chloride or M-heptadccane carbonyl 
c hloride 

C,5H3lC \Cl 

C - H <C 

192 ° 

(at 15 mm.) 

215 3 

(at 15 mm.) 

12 ° 

23° 


Consequently, acid chlorides, especially acetyl chloride, are frequently used 
to find out whether one or more hydroxyl groups are present in an organic 
compound. An analysis of the product obtained, shows whether an acetyl 
compound has been produced and how many acetyl groups have been 
introduced. It is also possible to determine the quantity of acetic acid which 
is split off when the acetyl derivative is hydrolysed. 

Acetyl derivatives are also produced by the action of acid chlorides on 
primary amines, the group R—C = 0 being attached to nitrogen: 

RNH, + Cl—C — C H 3 -* RNH— C—CH, + HCI. 

11 J! 

O o 

Acetyl chloride can therefore be used also for detecting the presence of 

an amino group. 

(b) Acid anhydrides 

76. These compounds are produced by treating alkali salts of fatty acids 
with acid chlorides: 

/OCCH, 

CH,COlCl + Na'OOCC H, -► O + NaCl. 

3 \OCCH, 

methane carboxylic acid 
anhydride or acetic anhydride 

This is the method of preparation for the lower acid anhydrides. The 
higher acid anhydrides are obtained in good yield by heating the sodium 
saits of the acids with acetic anhydride. 
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The acid chlorides may be considered as mixed anhydrides of hydrochloric acid 
and fatty acid, their formation from hydrogen chloride and fatty acid with P 2 0 6 
as dehydrating agent being in agreement with this opinion. Mixed anhydrides of 
fatty acids do actually exist but they split up into the anhydrides of the two acids 
on distillation. 

TABLE 24 

BOILING POINTS OF SOME ACID ANHYDRIDES 


Name 

Form ula 

B.p. 

Acetic anhydride 

(CH 3 C=0)j0 

140.0° 

Propionic anhydride 

(C 2 H 5 C=0) 2 0 

167° 

Butyric anhydride 

(C3H7C = 0) 2 0 

192° 


Acid anhydrides are unpleasant, pungent smelling liquids, which are 
miscible with water to a limited extent only. 

The boiling points of the lower acid anhydrides are given in Table 24. 

The anhydride of formic acid is unknown. 

Acetic anhydride is slowly converted into acetic acid by water at ordinary 
temperatures. This behaviour contrasts with that of acetyl chloride, which 
reacts very rapidly with water. Acetic anhydride can react with compounds 
containing hydroxyl or amino groups; with the former, esters are produced 
(77), whilst the latter give acetylamino-compounds. 


(c) Esters of organic acids 

77. We have mentioned already that esters are formed by the action of 
inorganic acids, (38) or acid chlorides or acid anhydrides on alcohols. Esters 
are also produced by the action of alcohols on organic acids: 

ch 3 c +HOC,H 5 ^±CHjC + HjO. 

\OH ‘ \OCjH 5 

This reaction is reversible as was first shown by Berthelot and Pean de 
St. Gilles (1862). Van 't Hoff showed in 1877, that the experimental 
results obtained by Berthelot and St. Gilles are in agreement with 
the law of mass action. 

If the initial concentrations of alcohol and acid are represented by a 
and b, and the concentrations of ester (and water) present in the final state 
by x, all expressed in grammolecules per unit volume, then the following 
equation holds: 

(a — x ) (b — *) = Kj 5 . 

From observations it follows that the value of K is about 0.25 for the 
formation of ethyl acetate at 20°. Thus if one starts with a mixture of 1 mol 
of ethanol and 1 mol of acetic acid there is present in the reactions mixture 
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when equilibrium is reached, 2/3 mol. of ester, 2/3 mol. of water, 1/3mol. 
of acetic acid and 1/3 mol. of alcohol. If 1 mol. of acetic acid and 0.05 mol. 
of alcohol are used, the equilibrium is reached at 0.049 mol. of ester, if I 
mol. of acetic acid to 8 mols. of alcohol are used, 0.945 mol. of ester is 

present at equilibrium. 

The value of the equilibrium constant alters only very slightly with 
changes in temperature; in agreement herewith the calorific effect of ester 

formation is small. 

At ordinary temperature the velocity of ester formation is very low, 
but it can be considerably increased by the catalytic action of anhydrous 
hydrochloric acid or of concentrated sulphuric acid. The preparation of an 

ester is usually carried out as follows. 

A mixture of anhydrous acid and an excess of alcohol in which a few 
per cent, of hydrogen chloride or concentrated sulphuric acid have been 
dissolved, is warmed under a reflux condenser. The reaction mixture is then 
poured into water; the esters of the lower alkane carboxylic acids then 
separate as a liquid layer floating on the aqueous solution. 

The velocity of esterification depends on the structure of the reacting 
substances. Under similar conditions primary alcohols are esterified more 
quickly than secondary. The velocity constant {k X io 5 ) for the esterification 
of various alcohols with trichloroacetic acid at 25 0 has the following values: 
725 for propanol-1, 98 for propanol-2, 1200 for butanol-i, 90 for butanol-2 
and 118 for trimcthylmethanol or trimethylcarbinol (CH 3 ) 3 COH. Therefore 
the velocities of esterification of secondary and tertiary alcohols do not differ 
markedly, k x 10° = 650 was found for ethanol and k x io 5 = 3690 for 
methanol ; the first alcohol of the series is esterified most rapidly therefore. 
Esters can also be obtained by warming the silver salt of an acid with 

an alkyl iodide. 

The esters of the lower alkane carboxylic acids are colourless liquids, 
which are only slightly soluble in water. Many have a pleasant odour remin¬ 
iscent of fruits (use for the preparation of “fruit essences’'). The boiling 
points of a few esters are given in Table 25. 


TABLE 25 

BOILING POINTS OF SOME ESTERS 


Name 

Formula | 

B.p. 

Ethyl formate 

hcooc 2 ii 5 

54° 

Ethyl acetate 

ch 3 cooc 2 h 6 

770 

iso Amyl acetate 

CH 3 COOC 5 H n 

142° 

Ethyl butyrate 

C 3 H 7 COOC 2 H 5 

121.5° 

Octyl acetate 

ch 3 cooc 8 h 17 

210 ° 
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The esters of the lower fatty acids and lower alcohols are good solvents 
for various organic substances; ethyl acetate and amyl acetate are used for 
technical purposes. Ethyl acetate is also used as the starting product for 
the synthesis of important substances like ethyl acetoacetatc (see 148), 
antipyrine, (323), etc. 

The various kinds of waxes consist chiefly of esters of higher fatty acids 
and higher alcohols. The chief constituent of bees’ wax is myricyl palinitate, 
C 15 H 31 COOC 30 H 61 , spermaceti contains cetyl palinitate, C 15 H 3l COOC 16 H 33 . 
Camauba wax, a vegetable wax, contains the myricyl ester of cerotic 
acid, C 25 H 51 COOH. 

Esters can be converted into primary* alcohols by reduction with sodium and 
absolute alcohol by the method of Bouveault and Blanc: 

RC +4H-RCH 2 OH+C.H.OH. 

\oc 2 h 5 


This reaction may also be carried out by catalytic reduction with the aid of copper 
chromite catalysts. 

The interaction of alkylmagnesium compounds (54) on esters leads to ter¬ 
tiary alcohols: 

/OMgBr 

RC + R'MgBr -* RC 

\oc 2 H 5 |\oc 2 H 5 

R' 


The addition product formed in this way then reacts with a second molecule 
of alkylmagnesium halide according to the equation: 


^OMgBr ^OMgBr /OC 2 H, 

RC + R'MgBr -*RC + Mg 

|\OC 2 H 5 |\R' \Br 

R' R' 


and this second intermediate product is decomposed by water giving a 
tertiary alcohol: 

/'OMgBr /OH /OH 

RC +H 2 O^RC + Mg 

|^R' |\R' \Br 

R' R' 

The hydrolytic fission of esters into alcohol and acid according to the 
equation 

RC +H 2 O^RC + R'OH, 

\OR' \OH 


can be carried out by treating the ester with an excess of water and a small 
quantity of an acid, which acts as a catalyst. It has been found that the 
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velocity constant of the reaction is roughly proportional to the hydrogen-ion 
concentration to which the catalytic action can be attributed. 

The fission of esters by alkalis, caUed "saponification”, takes place accord- 

ing to the equation: 


RC ^° +NaOH-RC^° + R'OH. 
\OR' XONa 


Decomposition of esters by dilute alkalis in general takes place much 
more rapidly than with dilute acids. The ratio of the vdocity^constants 
for the hydrolysis of methyl acetate in o.i resolutions of KOH and HC 1 

" At” the'same "concentration, strong bases decompose esters much more 
rapidly than weak bases; the velocity constant is roughly proportional to 

the concentration of hydroxyl-ions. 


Two diflcrent mechanisms are conceivable for the hydrolysis of an ester; according 

o 

to I (below) the bond between RC and OC s H„ is broken and in II the bond between 

o 

RCO and C 5 II U . 



R—C-O—C s H n 

II I 

O 

H—O-H 


R—C—OH + HOC 5 H u 

II 

o 



R—C—O—C jHn 

II 

O 


H-O—H 


R—C—OH + HOC 5 H u . 

II 

o 


POLANY. and Szabo carried out the hydrolysis of amyl acetate "'.th a dilute 
solution of sodium hydroxide in water containing a small quantity of H s ( 
content of -°0 isotope was o. 35 atom per cent, more than in ordmary wate ). The 
amyl alcohol obtained in this experiment was dehydrated by passing t .overalumina 
at ,oo* • a very accurate determination of the specific gravity of the water ob¬ 
tained, showed that it contained no ‘-O. From this it follows that in the hydrolysis 
of the ester, the oxygen in the water does not appear in the alcohol. Hence 
drolysis takes place by mechanism I. In a similar way it has been shown that the 

acid hydrolysis of an ester bij means of hydrochloric acid in water containingH, u. 

takes place according to scheme I (Ingold). 
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The esterification of benzoic acid takes place according to the equation : 

CflH 6 C—O—H + H-O-CH, C 6 H 5 C—O—C H 3 + H 2 O. 

O O 

In order to prove this, benzoic acid was esterified with methanol containing 18 0 
( 0 . 37 %); the water produced in this reaction contained no ,s O so that the oxygen 
of this water was derived from the benzoic acid and not from the methanol. 

Not only can esters be decomposed by hydrolysis, i.e. by decomposition by 
the action of water, but they can be decomposed by alcoholysis, i.e. decom¬ 
position by the action of alcohol, e.g .: 

RC +C 4 H 9 OH^±RC + CH,OH, 

\OCH 3 \OCjH,, 

in which one alkoxy group displaces another. This reaction also is reversible 
and can take place at ordinary temperatures under the catalytic influence 
of a small amount of sodium alcoholate or acid. 


(d) Carbonamides or acid amides c n H> n + iC^° 

\nh 2 

78. These compounds may be formed by the action of ammonia on acid 
chlorides or acid anhydrides, from which reactions the structure is apparent: 

C n H 2 n + l—C + HNH 8 -C n H2n + lC + HC1, 

\- c r i \nh 2 


C nH 2 n + 1—C 




O 


O + 


H X Ho O 


C n H 2n + 1 -C ' HNH 2 

- 


-*-2C n H 2u + iC -f H 2 0. 

X Ho 


Carbonamides are also obtained when anhydrous ammonia is allowed to 
react on esters: 

ch 3 c + hxh 2 —ch 3 c + c 2 h 5 oh. 

QC t H 5 ; H 2 

Amides are also produced by heating ammonium salts of carboxylic acids, 
a molecule of water being split off in the process: 

RC —RC + H 2 0. 

\ONHj \NH 2 
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It has already been mentioned in 66 that the carbonamides can be con¬ 
sidered as intermediate products in the conversion of carbonitriles into 
acids When carbonitriles are dissolved in concentrated sulphuric acid or 
in concentrated hydrochloric acid at ordinary temperatures, acid amides 
are produced. Also the action of an alkaline solution of hydrogen peroxide 
on carbonitriles leads to the formation of amides. Conversely carbon- 
amides can be converted into carbonitriles by the action of dehydrating 

agents such as phosphorus pentoxide. . 

The melting points and boiling points of a few acid amides are given in 

Table 26. 


TABLE 26 

MELTING AND BOILING POINTS OF SOME ACID AMIDES 


Name 


Formula 

M.p. 

B.p. 


Eormamidc 

hconh 2 

2.55° 

105° at 11 mms 

Methane carbonamidc 

Acetamide 

CHjCONH, 

82° 

221 ° 

Ethane carlxm amide 

Propionamide ' 

C 2 H 5 CONH 2 

79° 

222 

Propane carlxmamide 

Butyramide 

c 3 h,conh 2 

116° 

216° 

Hcptadecanc carlxmamide 

Stearamide 

c 17 h 35 conh 2 

109° 



Forma,Hide is miscible in all proportions with water and ethyl alcohol; 

acetamide is very readily soluble in these solvents. 

Acid amides can be decomposed into the carboxylic acid and ammonia 

by water: 

RC-NH,+ H a O -*RC —OH + NH,. 

The hydrolytic fission of acid amides occurs on warming these substances 
with dilute acids or with dilute alkalis; the hydrolysis is slower in the latter 

ease. 

Thus in acid amides the bond between the carbon atom and the nitrogen 
atom can be easily broken, but not in the primary amines. When the structure 
of the acid amides is compared with that of the primary amines with the 
same number of carbon atoms, 


I c h 3 —c—NH, 

CM C-NH, II 

I 0 

II II 
I 

it is apparent that the bond between the carbon atom and the nitrogen atom 
is far less firm, since this carbon atom is attached at the same time to an 
oxygen atom by a double bond. A similar state of affairs has already been 
noted with the acid chlorides, which are much more easily decomposed by 
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water than the alkyl chlorides. Acid amides may also be considered as 
ammonia in which a hydrogen atom is replaced by an acid, or acyl residue 


R_c— . As a result of this substitution the basic properties of ammonia 
disappear to a great extent. Acid amides can still form salts but these 
salts are already decomposed by water at ordinary temperatures. The 
hydrochloride of acetamide, CH 3 CONH 2 .HCl, is produced by passing 
gaseous hydrogen chloride into an ethereal solution of the amide. 

The hydrogen atoms in the amido group in acid amides can be substituted 
by metals; by the action of sodamide on an ethereal solution of an acid 


amide, a compound r— c 




o 


X H X a 


is produced, but it is decomposed immediate 


ly by water. The mercury compounds, such as (CH 3 CONH) 2 Hg, produced 
by the action of mercuric oxide on acetamide, for example, are more stable. 

Amides are converted into the corresponding carboxylic acids by the 
action of nitrous acid; the NH 2 -group is replaced by —OH and nitrogen 
and water are produced. Thus this reaction takes a similar course to the 
action of nitrous acid on primary amines. 

The change which amides of alkane carboxylic acids and of aromatic acids 
undergo by the action of bromine and alkali, is important; primary amines 
(46) are produced containing one carbon atom less than the acid amide from 
which they are derived. (Hofmann) : 



2 


+ NaOBr -*• C H 3 XH 2 + C0 2 + XaBr. 


HooGEWERFFand Van Dorp have improved the method of carryingout the Hofmann 
reaction by using a solution of NaOCl (NaOBr or bleaching powder). 

The initial product to be produced and isolated is an amide brominatcd on the 
nitrogen atom: RCONH 2 —>-RCONHBr or RC(OH)=NBr. 

The hydrogen atom in acid amides, which is easily replacable by metals under 
the influence of the acyl residue, is replaced even more readily under the added influ¬ 
ence of the bromine atom. In the presence of potash a potassium bromoamide is produced, 
a substance which is unstable, but which Hoogewerff and Van Dorp were able to 
isolate. Potassium bromide is split off from this compound, an intramolecular rearran¬ 
gement takes place simultaneously to produce an ester of isocyan ic acid ( 56 , 156 ), which 
is eventually split up in the alkaline medium into a primary amine and carbon dioxide: 

[RCONBr] -K+ -»KBr -f RN = C=0 -f H z O -* RNH 2 + C0 2 . 

It is not known how the intramolecular transformation occurs. An optically active 
amine RNH 2 is obtained from an optically active amide containing an asymmetric 
group R and racemisation does not occur. 

Iminoethers. When a mixture of a carbonitrile and alcohol is treated with a hydrogen 
halide in the absence of water, the hydro-halide of an iminoether is produced, e.g.: 

/OC 2 H 6 

C n H 2 n+lC=N C 2 H 6 OH + HCl->C n H 2n +lC 

^NH.HCl 
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These salts, which are usually well crystallised, are decomposed by water with the 
formation of esters: 

/OC,H 6 /OC.H. 

C n H>n+lC + H.O—CnHsn+lC + NH 4 C1. 

^NH.HCl 

By the action of alcoholic ammonia, the group OC 2 H 5 is replaced by NH, and the 
hydrochloride of an amidine (carbonamidine) is produced: 

C n H 2 ll+ 1 C /OC,H ‘ + C.H.OH. 

^NHHCl ^NHHCl 

The amidines are basic substances, which form well crystallised salts with one equiv¬ 
alent of acid. . 

Acid hydrazides (carbonhydraztdes) are substances, which are produced by the 

action of hydrazine on acid chlorides or esters (Curtius): 

si?® 

C n H 2nt iC^ ci + H.NN H 1 -. c nH2n + l c ^ NNHjH(;1 

14 


The hydrazides arc basic substances which have reducing properties like most 

derivatives of hydrazine and are soluble in water. 

And azides (carbonazides) are produced by the action of nitrous acid on acid 

hydrazides (Curtius): 


R-C 




NNH* 

I 

H 


+ UNO, 


-*RC = O + 2H*0. 



N = N 


These acid azides, which frequently crystallise well, are in most cases rather unstable. 
On the formation of primary amines from acid azides see 152. 

79. Dipole moments and polar molecules. 

It may lx* deduced from the tetrahedral structure of methane that the mean 
position of the positive charges in the molecule must coincide with the mean position 
of the negative charges, so that methane would be expected to possess no dipole 

moment. 

When a hydrogen atom in methane is replaced by a chlorine atom, however, the 
pair of electrons in chloromethanc responsible for the bond between the chlorine atom 
and the carbon atom, will lie closer to the nucleus of the chlorine atom than to that 
of the carbon atom, because the chlorine atom exerts a greater attraction for electrons 
than the carbon atom. Therefore, in the molecule of chloromethane. the electron 
density is greatest in the neighbourhood of the chlorine atom; the mean position of 
the positive and negative charges no longer coincide but are separated by a distance a. 

H ^_ a _ v 

H.C :C1: *+ t T. •.• 

• • • • 

H 

Electronic formula for chloromethanc 

The bond between carbon and chlorine is no longer a purely homopolar bond but 
an intermediate form between a homopolar and a heteropolar bond. If e represents 
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the numerical value of the total positive or negative charge, the molecule then possesses 
an electric moment called a dipole moment and the magnitude of the dipole moment 
is given by the product of the charge x the distance, [l = a x e. 

The size of an elementary electric charge is 4.77 x 10- 10 electrostatic units. The 
distance a is of the order of magnitude of an Angstrom unit. From this it follows that 
dipole moments are of the order of magnitude of 10- 18 electrostatic-cm.-units (Debije 
units). Molecules possessing an electric moment arc called polar molecules. 

From the theory of polar molecules developed by Debije it iollows that the value 
of the dipole moment of a molecule can be calculated from the change of the dielectric 
constant with the temperature. 

TABLE 27 

VALUES OF THE DIPOLE MOMENTS OF VARIOUS ALIPHATIC COMPOUNDS 

The numerical values are multiplied by 10 18 


CH3C1 

1.97 

CHjNH, 

1.31 

CH 3 CH 2 C 1 

1.98 

ch 3 ch 2 nh 2 

1.31 

CH 3 Br 

1.82 

CH3COCH3 

2.71 

CH3CH.Br 

1.86 

ch 3 ch 2 coch 3 

2.79 

CH3OH 

1.73 

(CH 3 ) 3 CCOCH 3 

2.79 

CHjCH 2 OH 

1.68 

HCOOH 

1.20 

CH3CHXI-LOH 

1.69 

CH3COOH 

0.8 



CH 3 CH 2 COOH 

0.8 


All the alkyl chlorides have practically the same value for their dipole moments 
and so have the alkyl bromides; this is also the case for primary alcohols, ketones 
and amines. Apparently the value of the dipole moment is independent of the size 
of the alkyl residue and is determined chiefly by the nature of the polar groups or 
atoms. Cl, Br, OH, NH 2 , CO, etc. If formic acid is excepted, the same holds for the 
alkane carboxylic acids (see Table 27). 

Hence the dipole moment of the above mentioned molecules may be considered 
as being localised between the polar group and the rest of the molecule; by the dipole 
moment of an atom or group of atoms, e.g. halogen, OH, NH 2 , CO, COOH, in aliphatic 
compounds is meant the moment of the dipole between one of these groups and the 
group C n H 2n+I . 

Because both water and the ethers possess a dipole moment, their structures cannot 
be linear but the angle between the oxygen bonds must be smaller than 180°. The 
size of the angle may be calculated as about 104° for water and about 1 io° for dimethyl 

ether. 



P = 1.87 x io~ 18 p = 1.32 x io~ 18 

Non-polar character of the alkanes. From a comparison of the dipole moments of 
benzene and toluene it may be deduced in the following way that a small dipole 
moment is to be ascribed to the C—H bond. The dipole moment of benzene is zero; 
this is to be expected since the electrical charges are symmetrically situated in the 
structure model (regular flat hexagon 214). The dipole moment of toluene, C 6 H 5 CH 3 , 
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is o , x IO-W- this is the moment of the CH.-group with regard to the phenyl-group. 

t°s easi y deduced from the tetrahedral model for methane that the vec ornl sum 
It is casn> utu C u ig cqu i va lent to the moment of the OH 

x ESr, 

It is clear that when all the hydrogen atoms in methane are re P'^“^ ^'° r 

the dipole moment remains zero, while the compounds produced by rep acmg I 
of t hydrogen atoms by chlorine must possess d.pole moments. It is found that 
°;j , 1 7 X IO-" for CH.C1, p = t-57 X .o-» for CH.Cl. and p = o. 95 X .o 

for CHCh. 


(a:) UNSATURATED HYDROCARBONS 

8o. Two scries of hydrocarbons are known in which the composition agrees 
with the general formula C„H, n . Thus these substances contain two atoms 
of hydrogen less than the saturated hydrocarbons with the same number 
of carbon atoms. Also, hydrocarbons are known which contain still fewer 
atoms of hydrogen compared with the number of atoms of carbon , e.g. 
a series with the general formula C n H 2 „_ 2 . and also a senes represented by 
C H’„ ,. The hydrocarbons in these various groups contain an even number 
of atoms of hydrogen less than the saturated hydrocarbons with the same 
number of carbon atoms. This is in agreement with the even number of 
atoms rule (25). Two groups of hxdrocarbons C n H 2n are to be distinguished: 

the alkenes and the cyclanes (286). 


(a) Alkenes 

Methods of forming alkenes (C n H 2 n)* 

1. The alkenes are produced by the splitting off of water from alcohols, 
e p by heating the alcohol with dehydrating agents such as strong sulphuric 
acid, anhydrous oxalic acid or zinc chloride. In the formation of ethene 
(ethylene) by heating a mixture of ethanol and an excess of sulphuric acid, 
ethylsulphuric acid is first produced, which breaks down on further heating 

into ethene and sulphuric acid (cf. 41). 

c,h 5 oh + h,so 4 —>- c,h 5 so«h + h,o 
c ,h 6 so 4 ii —► c ,h 4 + h,so 4 . 

At the temperature necessary for the formation of ethene. carbonisation also occurs, 
with the consequent production of sulphur dioxide and carbon dioxide, which are 
removed by washing with dilute alkali. 

With alcohols with 7-12 carlxm atoms the fission takes place easily when a mixture 
of the alcohol with 5-10 % of strong sulphuric acid or with 1 % of naphthalene 
sulphonic acid (281) is heated, the resultant alkenc and water being removed by distilla¬ 
tion (Senderens). Secondary and tertiary alcohols lose water more easily than 

primary alcohols. 
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Ethene and propene are best prepared by a catalytic method in which 
ethanol or propanol vapour is led over aluminium oxide or anhydrous 
aluminium sulphate at 350-400°. The alcohol is decomposed quantitatively 
into alkene and water: 

ch 3 ch 2 ch 2 oh —>■ c 3 h 6 + h,o. 

This catalytic decomposition of alcohols was discovered in 1795 by the “Dutch 
Chemists” (Deiman, Paets van Troostwijk, Lauwerenburgh and Yrolik), who 
obtained “oliphiant gas” (ethene), forexamplc, by passing alcohol vapour through a hot 
tube filled with alumina; they noticed that if an empty glass tube were used for 
the experiment, it was necessary to heat to a higher temperature to decompose the 
alcohol and very little oliphiant gas was produced. This catalytic reaction was investig¬ 
ated more closely by various investigators (Ipatiew, Senderens, Sabatier) about 
a century later. When it is remembered, that in the presence of finely divided copper, 
alcohol is dehydrogenated—within approximately the same range of reaction tempe¬ 
ratures—it is again apparent how the nature of the catalyst can influence the course 
of the reaction. 

A mixture of alkenes is produced by the catalytic decomposition of the higher 
alcohols because the double bond wanders under the influenceof the catalyst; a mixture 
of butene- 1 and butene -2 is produced from butanol- 1 . 

A good method of preparation for the higher alkenes exists in the thermal decom¬ 
position of the acetates or the stearates of the corresponding alcohols ; no displacement 
of the double bond takes place in this reaction : 

CH 3 (CH 2 ) 3 CH 2 CH 2 OCOCH 3 —> CH 3 (CH 2 ) 3 CH:CH 2 + CHjCOOH. 
liexanol-i acetate hexene -1 

2. Splitting off of hydrogen halide from alkyl halides. This takes place 
by warming with alcoholic potash (a solution of potash in alcohol): 

C n H2n + lI + KOC 2 H 5 ->CnH 2u + KI + C0H5OH. 

With primary alkyl halides ether is also formed under these conditions 
according to the equation: 

C n H 2 n + lI + KOC 2 H 5 —> C n H 2 n + lOC 2 H 5 + KI. 

With secondary and tertiary alkyl halides only alkene formation occurs. 

Another method of preparing pure ethene is by treating 1 , 2 -dibromoethane 
(C 2 H 4 Br 2 ), dissolved in aqueous alcohol, with a zinc-copper couple; two bromine 
atoms are taken out of the dibromoethane (Gladstone and Tribe). 

3. Alkenes are produced by thermal decomposition of alkanes (see 26); 
ethene and some of its homologues are formed in the dry distillation of coal, 
hence coal gas contains about 2 % of ethene. 

81. Nomenclature of the alkenes. The names of these hydrocarbons are 
formed by replacing the suffix “ane" in the saturated hydrocarbons by 
“ene”: ethene, propene, hexene, etc. The general name therefore is alkenes. 
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The name olefine, used earlier for this group of compounds, is connected with the 
name "oliphiant gas”, which was given by the discoverers of ethene to ^ sutetanc^ 
because they observed that a liquid (C.H.C1,) having the appearance o£ oil was 

produced by the action of chlorine on ethene. 

The names ethylene, propylene, etc. are still used. 


Structure. Various assumptions can be made as to the distribution of 

tlie bonding forces in an alkene C n H 2n - 

1. The molecule contains a carbon atom with two free valency bonds 

(or a bivalent carbon atom). The structure of ethene would then be repre¬ 
sented by H 3 C.CH^. . 

The dichloroethane C 2 H 4 C 1 2 which is readily produced by the combination 

of 1 molecule of ethene with 1 molecule of chlorine, must then be 1,1-di- 
chloroethane, CH 3 CHC 1 2 . 1,1-Dichloroethane, which can be prepared by 

the action of phosphorus pentachloride on ethanal (63), ch,c = o , however, 
is different from the dichloroethane produced by addition of chlorine to 
ethene. On the assumption of two free valency bonds, two structures can 

be written for propene: 


11 


c h 3 c h j c 


ID 


and 



CH, 


(II). 


1.1- Dichloropropane. CH 3 CH 2 CHC 1 2 , should be produced from propene and 
chlorine if structure I is to be attributed to propene and 2,2-dichloropropane, 
CH 3 CC 1 XH 3 , if propene is represented by II. 1,1-Dichloropropane and 

l_ 

2.2- dichloropropane, which can be prepared from propanal, ch,ch = c-0, 
and acetone, (CH 3 ) 2 C= 0 , respectively, are different however from the 
dichloropropane produced from propene and chlorine. Hence the assumption 
made under 1 must be rejected. 

2. The molecule of an alkene contains two carbon atoms each with a 
free valency bond (or two trivalent carbon atoms), which would lead to 
two structural formulae for propene: 


ILC-CH-CH, (III) or H,C—C H 2 —CH, (IV). 

II II 


3 - 

4 - 


H 


The molecule contains a carbon double bond, h,c — c = ch, (V) 
The molecule has a ring structure: 

H, 

/ C \ 


H.C-CH, 


(VI). 


Propene is produced by splitting off hydrogen iodide both from i-iodo- 
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propane, CH 3 CH 2 CH 2 I and from 2-iodopropane, CH 3 CHrCH 3 . Structures IV 
and VI are excluded by this latter method of formation. The fact that 
propene can be formed by splitting off water from either propanol-1 or 
propanol-2 also leads to the rejection of structural formulae IV and \T. 
isobutene, C 4 H 8 , is produced from both (CH 3 ) 2 CHCH 2 OH and 

(CH3UC-CH3 

'1 

OH 

by removal of water, as well as from the butyl iodides, (CH 3 ) 2 CHCH 2 I and 
(CH 3 ) 3 CI, corresponding with these butanols, by elimination of a molecule 
of hydrogen iodide. Hence two structural formulae come into consideration 
for isobutene: 


(CH 3 ) 2 C — Cl!., 

I I 


(CH,).C = CH 8 


In general, the following empirical rule is valid: when hydrogen halide is 
removed from an alkyl halide, or water from an alcohol, the hydrogen atom and 
the halogen atom or the hydroxyl group, respectively, are removed from two 
adjacent carbon atoms. The correctness of this rule is apparent from the 
following example. 

CH, 

A dibromobutane having the structure ch 3 —c—CH 2 Br, is produced by 


the addition of bromine to isobutene. A molecule of hydrogen bromide can 
be split off from this compound with the production of 2-methyl-i-bromo- 
propene-i: 


CH 


CH 


H,C—C—C 


\Br 


H 3 C—C = C HBr; 


the formation of acetone on oxidation is in agreement with both these 
structures. It is not possible, however, to remove hydrogen bromide from 
the 2-methyl-i-bromopropene-i since it cannot occur from two adjacent 
carbon atoms. 

Thus the structure of the alkenes can be represented by the formula 

H H 

r— c—c—R', in which two free bonding forces occur on adjacent carbon 

II H H 


atoms or by the formula r— c = c—R', in which a double bond is present 
between two carbon atoms. 

If the presence of two free bonding forces is assumed, then a second 
assumption must be made, that these free bonding forces must occur on 
adjacent carbon atoms in the molecule of an alkene; the assumption of a 
carbon double bond is therefore simpler. 
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In the electronic formula a free bonding force would correspond with 
an unshared electron. Indeed compounds in which an unshared electron 
occurs, are known. These are the free radicals like CH 3 , C 2 H 5 , (see 89). 
The properties of these substances are totally different from those of the 


For these reasons it is assumed that there is a double bond between two 
adjacent carbon atoms in the molecule of an alkene, which is brought 
about by two pairs of electrons; the electrons in each pair have opposite 


spins. 


H 

H 

H 

• 

• 

H 

• • 

• • 

• • 

C C 

• 

' C 

• 

C : 

• a . 

C : H 
• • 

• • 

H ‘ 

• 

' H 

H : 

' H 

H 


cthenc 


propone 

electronic formulae 


Fthene shows a dipole moment of zero; this is in agreement with the 
accepted structure in which the electric charges are distributed symme¬ 
trically. 


Stereochemistry of the carbon double bond 


82. In Van 't Hoff’s stereochemical theory two doubly bound carbon 
atoms were represented by two tetrahedra having one side in common, 
Fig. 23 or Fig. 22, in which the bonding forces of the carbon atoms are drawn. 



Fig. 22. Fig. 23. 

Stercoformula for cthene 



Fig. 24. A. von Baeyer’s 
representation of ethenc 


The stereoformula for ethene is given in Fig. 22. The bonding forces of 
the double bond lie in the plane of the drawing, the C—H bonds lie m pairs 
in front of and behind this plane. A. von Baeyer modified this method of 
representation by supposing that the bonding forces in the double bond 
were distributed parallel with the line joining the centres of mass of the 
carbon atoms (Fig. 24). In the molecule of a saturated hydrocarbon, the 
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angle between the bonding forces is io9°2S\ The bonding forces in the 
double bond are deflected from the original direction by an amount equal 
to 54°44 # . Von Baeyer assumes that this produces a “strain” in the mole¬ 
cule, which tends to bring the bonding forces back to their original position. 
This strain should be the origin of the additive power of the double bond. 
According to this hypothesis, the so called strain theory of von Baeyer (1885), 
molecules in which the directions of the C—C bonds deviate to a marked 
extent from the tetrahedral configuration, easily undergo reactions by which 
the tetrahedral arrangement is restored. In Baeyer’s hypothesis the idea of 
strain was not associated with any particular physical significance. Not¬ 
withstanding this formal character, the strain theory of Baeyer is able to 
provide a qualitative explanation of the chemical behaviour of many cyclic 
compounds (see, for example, 288). 

It is assumed that two singly bound carbon atoms (Fig. 25) are free to 
rotate around the common bond, because compounds of the type XCH 2 CH 2 X 
or XCH 2 CH 2 Y do not occur in isomeric forms. Since doubly bound carbon 
atoms are bound by two bonding forces, these atoms will not be freely 
rotatable about the common bond; for this to happen it will be necessary 
to break one of the bonds. Therefore, one would expect compounds of the 
type aHC=CHa or bHC = CHa to exist in two isomeric forms, in which 
the similar groups lie on the same side of the plane ef of the double bond, 
cis-configuration (Fig. 26), or in which these groups lie on opposite sides, 
trans-configuration (Fig. 27) (Van ’t Hoff, 1874; Wislicenus). 



Fig. 25. Single bond; Fig. 26. Fig. 27. 

free rotation possible Double bond; cis and trails configuration. 

No free rotation possible 


A large number of stereoisomers of this type are known (see 126). 

According to the wave-mechanical theory of the chemical bond the two pairs of 
electrons in the carbon double bond are associated in different states. One pair, 
called a-electrons, form the G-C bond corresponding with the C—C bond in the alkane. 
The orbitals of these a-electrons lie in the plane in which,—for example, in ethene the 
hydrogen atoms and the carbon atoms are situated. From electron diffraction 
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measurements in feebutene. the value 124° (± O is derived for the angle between 
the double bond and the single bond. 


110 


^CJIIO 


Each of the electrons of the other pair, called n-electrons. have orbitals which projee 
above and below the plane of the molecule. These ^-electrons form the second or 
TT-rr bond between the carbon atoms; according to the theory this second bon 
not as strong as the first. Thus a difference is postulated between the two bonding 
forces of the double bond, contrary to the classical structure theory in which both 
landing forces were considered equal. Since the tc-tc bond is weaker than the a-a bond, 
the former will be easily broken, which is the cause therefore of the additive power 

of the unsaturated hydrocarbons. 

From the wave-mechanical theory it follows that rotation of halves of the molecule 
around the C=C bond is considerably hindered, that is to say. that this rotation 
will require a high activation energy. 


83. Isomerism. Butene is the first member of the series of alkenes in 
which isomerism can occur by virtue of the position of the double bond in 
the carbon chain. Two isomers are possible for a butene with a normal carbon 
chain; both are known and are differentiated as butene-i and butene-2. 


CH,CH,CH = CH, CHjCH=CHCHj. 

butene-1 butcne-2 

Thus the position of the double bond is indicated by the number of the 
first carbon atom attached to the double bond. All three possible structural 

isomers for unbranched hexenes are known. 

C H 3 C H,C H a C H a C H = C H 3 hexene -i 

C H,CH,C H 2 C H = CHCH, hexonc-2 

C H S C H, C H = CHCH,CHj hexene-3 


A second cause of isomerism is to be found in the branching of the carbon 
chain. Besides the above mentioned butenes, a third isomer also is known, 
namely, isobutene, (CH 3 ) 2 C=CH 2 . 

On account of these various causes a large number of isomers is possible 
in the higher alkenes; in many cases only a few of these isomers have been 
obtained in a state of purity. 

84. Physical properties of the alkenes. Some of the more important 
physical constants of a number of alkenes are given in Table 28. 
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TABLE 28 

SOME PHYSICAL CONSTANTS OK ALKENES 


Name 

Formula 

B.p. 

(760 mm) 

°C 

1 

M.p. 

°C 

Density 

dj° 

Heat of combus¬ 
tion, kcal/inol. at 
25 C. under const, 
pressure related 
to liquid 11 2 0 and 
gaseous CO* 

( Rossini) 

Ethene 

c 2 h 4 

—103.7 

—169.5 

d-102* = 0.6104 

337.2 

Propene 

c 3 h 6 

— 47.6 

—185.25 

d 4 47,7 =0.6104 

492.0 

Butene-1 

c 4 h s 

— 6.4 

—185.35 

d 4 647 =0.6255 

649.8 

Pentene-1 

c 5 h io 

30.1 

— 166.1 

0.6406 

806.9 

Hexene-1 

c*h 12 

63.5 

—138 

0.6736 

964.3 

Heptene-1 

c 7 h 14 

93.6 : 

— 119.1 

0.6972 

1 121.7 

Octene-1 

c 8 h 16 

121.5 

—104 

0.7151 

1279.1 

Nonene-1 

C b H 18 

147 


0.7293 

1436.6 

Decene-1 

Ci 0 H 20 

171 

— 

0.7408 

1594.0 

Undecene-1 

Gill I 2 2 

1SS—190 

— 

0.763 

1751.5 

Dodecene-1 

^-12^21 

213 

— 31 

0.7589 

1908.9 

Tridecene-1 

C 13 H 28 

102 (10 mm) 

— 13 

— 

2066.4 

Tetradecene-1 

^ 14^28 

127 (15 mm) 

— 12 

0.773 

2223.8 

Hexadecene-1 

^ 16^^32 

274 

4 - 4.0 

0.7812 

2538.7 

Octadecene-1 

CieH 36 

179 (15 mm) 

+ 18 | 

0.7891 

2853.6 


The heats of formation of ethene and propene from graphite and molecular 
hydrogen are —12.6 and —4.7 kcal, respectively. Thus these alkenes are 
endothermic compounds; the higher alkenes are exothermic. 

The alkenes are only slightly soluble in water and the solubility decreases 
as the number of carbon atoms in the molecule increases. The alkenes dissolve 
readily in many organic liquids such as alcohol, petroleum ether and benzene. 

The molecular refraction of an alkene CpH 2 p is greater than p times the refraction 
equivalent of a CH 2 -group (A CH,); the double bond produces an increment in the 
molecular refraction (Bruhl, Eisenlohr). From measurements carried out by 
Wibaut and Geldof, this increment is constant in the series of alkenes with a terminal 
double bond; in calculating the increment, ACH 2 is taken as being 4.636. The figures 
given in Table 29 are for the NaD-line (X = 5893) at 20.o°. 

Slightly different values are found for the increment for the double bond when 
different homologous series are considered; 1.7 may be taken as the mean value. 

The molecular dispersion, i.e. the difference in the molecular refraction for the 
Y- and the a-lines of the hydrogen spectrum (X = 4341 A and 6563 A, respectively), 
is given in the penultimate column of table 29. The molecular dispersions of 
these alkenes are greater than those of the corresponding alkanes (last column). 
Eykman has pointed out that the difference between the molecular refraction of 
an alkene and that of the corresponding alkane, which he denoted as (H„), has different 
values depending on the position of the double bond in the carbon chain and on the 
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with a terminal double bond compared «ith the n altonia. in YY 
principle for determining the position of the double bond is given in ioi. 

TABLE 29 

OPTICAL PROPERTIES OF SOME ALKENES-1_ 


c 5 

c 8 

c 7 

C 8 

c, 

C|0 

C 12 

c 10 

18 


Alkene 

(n 2 — 1) M 

Increment 

Molecu 

(n 2 + 2) d 

Alkene 

Pentene-1 

24.86 

1.68 

0.78 

Hexene-1 

29.49 

1.67 

0.89 

Hcptcne-1 

34.13 

1.68 

1.00 

Octcnc-1 

38.77 

1.68 | 

1*11 

Noncnc-1 

43.41 

1.69 1 

1.22 

Dccene-1 

48.05 

1.69 

1.34 

Dodeicne-1 

57.30 

1.67 

1.55 

Hexadecene-1 

75.86 

1.68 

2.00 

Octadccenc-1 

j 85.13 

1.68 

2.22 


Alkane 

0.62 

0.73 

0.84 

0.94 

1.05 


1.84 


85. Chemical properties. The most characteristic property of the alkenes 
is their power of addition. They can combine with a variety of other sub¬ 
stances, such as halogens, halogen hydrides or hydrogen; for this reason 
the alkenes are said to be unsaturated. When an unsaturated hydrocarbon 
is shaken with bromine water, the latter is decolourised because the bromine 
combines with the alkene. We have here a reaction on the carbon double bond 
Another reagent which reacts on the double bond is an aqueous solution of 

potassium permanganate and soda; the unsaturated compound is oxidised by 

the permangananate, the violet colour disappears and is replaced by brown 
flocks of hydrated manganese dioxide (Baeyer’s reaction). The use of t is 
reaction as a test for the carbon double bond is limited, because various 
other substances, e.g. aldehydes also reduce alkaline permanganate solution 

Addition of chlorine or bromine. This addition takes place very easily at 
ordinary temperatures, e.g. by shaking the alkene with bromine water or 
by treating it with liquid bromine with effective cooling; in some cases 
carbon tetrachloride, CC 1 4 , (106) is used as a diluent. 

The reaction between chlorine (or bromine) and ethene in the gas phase at o° is 
accelerated catalytically by the walls of the vessel in which the reaction is came 
out; this effect has been observed in many gas reactions. In the case of ethene an 
chlorine, the reaction takes place much more rapidly on a glass surface on which 
a very small amount of water is adsorbed than on a paraffin surface, obtained by 
carefully covering the inside of the glass reaction vessel with a layer of paral n 
(Nourish). Apparently, the addition is accelerated on a polar surface. It is very 
noteworthy, that at high temperatures, chlorine (and bromine) reacts with alkenes 
by substitution. When chlorine and excess propenc are both separately preheated and 
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then led together rapidly through a glass tube heated to about 500°, allyl chloride 
(94) is formed as the main reaction product (Groll and Hearne) : 

H 2 C = CHCH 3 + CL —>■ H 2 C = CH—CH 2 C1 + HC1. 


The addition of hydrogen halide takes place most rapidily with hydrogen 
iodide. Hydrogen chloride and hydrogen bromide do not combine with 
ethene and propene or they react extremely slowly only, unless specific 
catalysts are used. Thus ethyl chloride is easily formed when ethene 
and hydrogen chloride gas are passed over bismuth chloride at about ioo°. 
The reaction is reversible: 


ch 2 =ch 2 + hci^: c 2 ii 5 ci . 

At 500° ethyl chloride is split up quantitatively into ethene and hydrogen 
chloride. The addition reaction can be carried out at as low a temperature 
as —78° in the presence of A 1 C 1 3 as a catalyst. 

The addition of hydrogen halide to an alkene is exothermic. With propene 
this addition can take place in two ways: 

^CH 3 CH 2 CH„\ I 

CH,CH = CH,+ HX 

VHjCHXCHj II. 


Experience has shown that the 2-halogenopropane (II) is practically the 
sole product, along with very small quantities of the i-halogenopropane (I). 
A similar course is taken with homologues of propene. Tertiary butyl iodide 

H S C \ /CH 3 

c , the structure of which follows from the formation of trimethyl- 
h,c/ \i 

carbinol by the action of moist silver oxide, is the sole product from the 

reaction between isobutene C 3 \ = ch 2 and hydrogen iodide. 

ch 3 / 

This may be expressed by saying, that in the addition of hydrogen halide, 
the hydrogen atom becomes attached to the carbon atom of the double 
bond which carries the most hydrogen atoms (Markownikow's rule). 


It is noteworthy that the addition of HBr (but not ITC1) to propene in the liquid 
phase is influenced by the presence of small quantities of peroxides. From a mixture 
of liquid propene and liquid hydrogen bromide in a sealed tube at ordinary temperatures 
in the absence of oxygen, there is produced exclusively 2 -bromopropane by a very 
slow reaction. If a small quantity of benzoyl peroxide (260) is added to the mixture, 
however, the reaction product contains 80 %of i-bromopropane and 20 %of 2 -bromo¬ 
propane. 

When liquid hydrogen bromide is allowed to react at room temperatures with 
liquid vinyl bromide, CH 2 = CHBr, CH 3 CHBr 2 is formed in the absence of oxygen; 
in the presence of peroxide or of oxygen, which in this case can form a small quantity 
of a peroxide, CH 2 Br.CH 2 Br is formed as the main product. This phenomenon, which 
was discovered by Kharash, is known as the peroxide effect. 
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The addition of hyfiochlorous acid leads to the formation of chloroalkanols: 

CH*=CH t + HOC 1 - 


-CHjClCHjOH. 

2-chlorocthanol 


The addition of hydrogen to alkenes is a reversible reaction: 

alkcnc + H 3 7^ alkane + 30 kg.cals. 


Below 100° the equilibrium lies almost completely on the side of the alkane. 
The addition of molecular hydrogen to alkenes takes place only in the pres¬ 
ence of a catalyst, e.g. of finely divided platinum or palladium at ordinary 
temperatures, or of finely divided nickel at about 150 . 

The thermal effect of the addition of a molecule of hydrogen to a molecule of 
ethene amounts to 32.5 kcal; a value of about 30 keal. has been found for some 


Amorphous chromium III-oxidc. Cr 2 0 3 . is a very good dehydrogenation catalyst, 
by the use of which alkanes break down into alkenes and hydrogen in the temperature 
range between 350° and 450° without the occurrence of side reactions, so that the 
equilibrium concentrations (starting from either side) can be determined. At 450 

, r TT — Pttlkc -g ° • P ? A is s.o x IO-* for the ethane-ethene 

the value of the constant K P — p ^, kan0 5 

equilibrium and 90 x io J for propane-propene (Frey and Huppke). 


The addition of sulphuric acid to alkenes is both of theoretical and practical 
importance. Ethene reacts with concentrated sulphuric acid at about 80° 
with the formation of ethylsulphuric acid: 


CH,= CH, + H 0S0 3 H — C H 3 C H 2 0S0 3 H. 

On heating to higher temperatures this substance is broken down again 
into ethene and sulphuric acid. With homologues of ethene the addition 
reaction takes place in accordance with Markownikow's rule, /sopropyl- 
sulphuric acid is produced from propene. 

CH 3 CH= C H t 4- H 0S0 3 H -* C H 3 C HC H 3 . 

OSO„H 


This reaction is used in the technical preparation of alcohols. Ethene, 
which can be isolated from coal-gas (coke-oven gas) or from the mixture of 
gaseous alkanes produced as a by-product in the thermal decomposition 
(cracking) of mineral oil distillates (see 26). is absorbed in concentrated 
sulphuric acid, with the formation of C 2 H 6 0 S 0 3 H, after which the solution 
is diluted with water and the alcohol produced by hydrolysis is distilled. 
Bekthelot made use of this reaction in 1855 f° r his synthesis of alcohol 

from its elements. 
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In a similar way higher alcohols are obtained from propene and its 
homologues which occur in considerable quantities in “cracking gases”; in 
this way secondary or tertiary alcohols are obtained depending on the 
structure of the alkene used, e.g. trimethylcarbinol is produced from 
isobutene: 

Addition of water. Ethene and steam can be made to combine to form ethanol 
when the mixed gases are passed over certain catalysts such as a mixture of manganese 
and barium acid phosphates (Stanley), at 225 0 . Thus the fission of ethanol into 
ethene and water, discussed in 80 , is reversible: 


C t H 5 OH ^±; C,H 4 + H.O. 

At 225 0 and a total pressure of one atmosphere, the concentration of the alcohol 
in the equilibrium mixture is small. The equilibrium constant expressed by the ratio 
of the partial pressures of the reacting substances, amounts at 225 0 to 


_ Pc 2 u 5 oh _ 

P PC2H4 x Ph 2 o 


1.07 X IO - ’. 


An equilibrium existsalso between propene and water with the formation of propanol- 2 . 
The catalytic addition of water to ethene is at present used commercially for 
the preparation of alcohol. 

86. Oxidation of alkenes. It has already been mentioned that alkenes 
are oxidised at ordinary temperatures by a dilute solution of potassium 
permanganate containing soda; this is a striking difference from the behav¬ 
iour of the alkanes, which are stable towards oxidising agents at ordinary 
temperatures. In this way two acids are produced from an alkene according 
to the equation: 

R_C = C — R + 4O — R—C + R'—C 

| | \OH \OH 

H H 


A ketone R 1 R 2 C = 0 and an acid R 3 COOH may be produced as oxidation 
products from an alkene of the structure R,—c=ch—r 3 . 

In a number of cases it has been possible to show that the addition of 
two OH-groups to the double bond is the primary reaction in this oxidation: 


H H 

I I 

R—C = C—R' + H.O + O 


H H 

I I 

R—C—C—R', 

I I 

HO OH 


with the production therefore of a dihydric alcohol (glycol, see no); the 
oxidation then proceeds further on those carbon atoms to which oxygen 
is already attached (see the general rule on p. 63), so that it eventually 
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leads to a rupture of the carbon chain between those carbon atoms, which 
were originally joined by a double bond. From an examination of the acids 
produced in this oxidation, it is therefore possible to deduce the position 

of the double bond in the alkene. 

Dihydric alcohols can sometimes be prepared by carrying out this oxid¬ 
ation with a very dilute solution of potassium permanganate or with a 
solution of potassium chlorate in presence of osmium tetroxide. In this way 
glycol, CH 2 OHCH 2 OH, is produced from ethene. 

87. Ozonides. Alkenes may also be oxidised by ozone (Harries). Oxygen 
containing a few percent of ozone is passed through a solution of the alkene 
in an inert solvent ( e.g ., CC 1 4 ) at low temperature. In this way there is formed 
a compound from a molecule of ozone and a molecule of alkene. 

These ozonides, which analysis and determination of the molecular 
weights show to have the composition C n H 2 n 0 3 , are unstable compounds. 
The lower members of the series may explode violently at ordinary tempera¬ 
tures; the higher members are rather more stable but they still explode 

on heating. 

The ozonides are decomposed on warming with water or with dilute acids, 
one molecule of ozonide producing two molecules of aldehyde and one 
molecule of hydrogen peroxide. Experience has shown that by ozonising 
an alkene and subsequently decomposing the ozonide, the carbon chain of 
the alkene is broken at the double bond; hence this method may be used 
for determining the structure of unsaturated carbon chains, since the position 
of the double bond may be deduced from an examination of the degradation 

H H 

products so obtained. Harries ascribed the structure r— c—c—R' to the 

0—0—0 

ozonides but more recent investigations of Rieche have shown that the 

H H 

structure must be represented by the formule r— d—o—o—i—R'.. 

o 


The structure of the ozonide of butene -2 is proved as follows. By the action of 
hydrogen peroxide on an aldehyde, both dissolved in ether, there is produced a 
hydroxyalkyl peroxide. 

Di-(hydroxycthyl) peroxide (I) is produced from acetaldehyde: 


CH,C + HOOH+ CCH, 


H 

I 

C HjC—O—O— 


I 

OH 


H 

I 

CCH, 

OH 


(I) 



OZONIDES 




II 

I 

c me—o 


H 

I 

O—C CH, 


o 


When I is treated in ethereal solution with phosphorus pentoxide, water is removed and 
a liquid compound is produced to which the annexed structure 
is ascribed. From its physical properties (density and refractive 
index) and its chemical behaviour, this compound was ident¬ 
ical with the ozonidc obtained by ozonising butene- 2 . 

The decomposition of ozonides takes place as follows. Asa 
result of hydrolysis ot the ether-like combined oxygen, the primary product is the 
di-(hydroxyalkyl) peroxide (II), which decomposes into a hydroxyalkyl hydroper¬ 
oxide (III) and an aldehyde: 

II H 11 


II II 

I I 

R—C— O—O—C-R' + H 2 0 


K—C—O—O—C — R' 

I 

OH 


> R-t-OOH + R'—C 


II 


OH 

(II) 


^<m>V 

RC + noon R—coon + mo. 
\H 


Compound III can decompose in two ways, viz. into hydrogen peroxide and aldehyde 
or into carboxylic acid and water. As a matter of fact, the corresponding carboxylic 
acids arc found in the decomposition products of ozonides as well as the aldehydes 
and hydrogen peroxide; the di-hydroxyalkyl peroxides can also be isolated in some cases. 


From the above, it appears that the double bond is the point of attack 
in the alkene molecule for addition and oxidation reactions. The carbon 
double bond is not to be likened to two single bonds, but is a particular 
kind of bond to which the molecule owes its reactivity. 

It may be assumed that addition is preceded by a displacement of the 
electrons of the double bond (polarisation), as a result of which one carbon 
atom obtains a positive charge and the other a negative charge: 


h 2 c ; ch 2 —>■ h 2 c ; cm. 

• + ’ - 

On the addition of HC 1 for example, the proton will be bound by the lone pair 
of electrons of the negatively charged carbon atom, while the chlorine ion, 
which has eight electrons in its outer shell, will combine with the positively 
charged carbon atom. Addition takes place via an ionogenic mechanism. 

The polymerisation of alkenes to form polymers of high molecular weight 
is discussed in 103. 

Under the influence of sulphuric acid or zinc choride, the butenes and 
some of their homologues can be polymerised to dimers and trimers. 

2.4.4- Trimethylpentene-i is formed from isobutene by the action of 60 % 
sulphuric acid at 8o°: 

ch 3 ch 3 ch 3 ch 3 

me — C + HjC—C=C H,-> HjC—C—C Hj—C = C H s . 

II I 

ch 2 ch 3 

2.4.4- Trimethylpentene-2 is also formed (see 26). 
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Calculation of bond energies in saturated and unsaturated hydrocarbons 

88 A method for calculating energy values for the carbon—carbon and ^rbon— 
hv ltgen bonds from heats of combustion, was first given by Fajans: the calculation 
»iven below is based on the same principle but is taken from Paulin 
° The heat of formation of methane from gaseous carbon atoms and gaseous h>dro 0 cn 

atoms is calculated according to the equations given below: 

C (graphite) + :H,->CH 4 + 17.7 heal. 

:H, —>- 4H — 2 x 103.4 heal. 

C (graphite) —> C (gas)— 124.1 keal. 

C (gas) + 4 H —> C 11 , + (1 7-7 + 206.8 + 124.1) heal. 

(gaseous) 

The heat which must be added to convert graphite into gaseous carbon atoms is 
only known approximately; this heat of sublimation has been derived, for example, 
from measurements of the vapour pressure of graphite at high temperatures. 

The heat of formation of CH., from its constituent atoms (348.6 keal.) calculated 
in this way. can be considered as being composed of four C—H bonds. Thus the bon 
energy for a C—H bond amounts to 87 keal. This is not the energy required by the 
reaction CH,-► CH 3 + H. but is the average of the energy requirements for the 
reactions. Cl I, -> CH 3 + H; CH 3 > CH 2 + H ; CH, > CH 4 - H; and CH -> C+H. 

In a similar way. the heat of formation of C 2 H„ from gaseous atoms is 579 keal. 
If 6 x the value for the C—H bond is subtracted from this value. then_57_kcal^is 
found for the energy of the C—C bond. These calculations can be carried out for the 
homologues of ethane; in this case it is assumed that all C—H bonds in the alkanes 
have the same energy value and that the same holds for all the C—C bonds. 
This assumption is the simplest, because the molecular heats of combustion for the 
normal alkanes arc additive to a very close approximation from the 5th. member 
of the series upwards and only slight deviations from the additive rule occur with 
branched chain alkanes. Similar calculations can be carried out for the alkenes and 
the alkyncs, the assumption being made that the bond energies of all the C H bonds 
in these molecules arc identical with the value for the C—H bond in the alkanes. 
From the nature of the calculation it follows that the bond energies obtained in this 
way represent average values and are therefore only approximately correct. Pauling 
finds the following figures (rounded off to whole calorics) for the average values 
agreeing as closely as possible with experimentally determined heats of combustion: 


—H bond 


87 keal 


100 

123 


The carbon double bond is therefore stronger than the single bond, but the bond 
energy of the double bond is smaller than twice the value for the single bond. This 
is in agreement with the idea that the two bonding forces in a carbon double bond 
are not identical. The triple bond is stronger than the double bond but is much weaker 
energetically than three single bonds. As an example for the calculation of the thermal 
effect of a reaction with the aid of bond energies, the hydrogenation of propene to 
propane may be considered and the reaction may be imagined as being split up into 
various steps. 
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C H = C H, —> H 3 C—CH—CH 2 —(100—50) kcal. 

H., —> H + H —103.4 kcal. 

CH 2 4- 2H—>■ 1 I 3 C—CH,-CH S + 2 x 87 kcal. 


C 3 H 6 + H 2 —>■ C 3 H 8 + 29.6 kcal. 

Kistiakowsky has accurately measured the heat evolved in the catalytic hydro¬ 
genation of alkenes and from this determined the heat of hydrogenation for various 
alkenes. According to these measurements the heat of hydrogenation in kcal. per 
gram-molecule amounts to 32.6 for ethene, 30.1 for propenc and 28.4 for isobutene. 
A more accurate agreement with the number calculated from bond energies is not 
to be expected because the latter are average values. 

The free alkyl groups methyl and ethyl 

89. In the first half of the previous century repeated attempts were made, for 
example by Frankland, to prepare hydrocarbons of the composition C n H 2n ,i. e.g., 
by extracting the iodine from methyl iodide. In all these cases, however, instead 
of the expected compound CH 3 (methyl), there was produced a substance with double 
the molecular weight, ethane, which was formed apparently by combination of two 
free methyl groups (compare the Wurtz method for making alkanes 17). 

In 1929 Paneth showed that the methyl group could exist in the free state, (com¬ 
pare 17). Gaseous hydrogen mixed with the vapour of tetramcthyllead, Pb(CH 3 ) 4 was 
passed at a high velocity and very low pressure through a quartz tube. When the 
tube was heated at one point, the tetramethyllead decomposed and deposited a very 
thin layer of lead as a lead mirror on the wall of the tube. Now when the heated 
part of the tube was allowed to cool while the gas stream was still passing and the 
tube was heated at another spot about 10 cm in front of the lead mirror, a second 
lead mirror was deposited where the tube was now heated, but the lead mirror in the 
cooler part of the tube disappeared. The explanation of this is as follows: in the 
decomposition of tetramcthyllead, methyl groups (free radicals) are produced, which 
are carried forward by the gas stream and meet the cool lead mirror before they 
have had time to combine with one another to form ethane, C 2 H c . The very reactive 
and unstable substance, methyl, then combines with the lead to re-form volatile 
tetramethyllead. It appears from calculation that the life ot free methyl is extremely 
short, for the concentration of this substance was reduced to a half after about 0.006 
second. Hence the experiment succeeds only when the gas mixture is passed through 
the tube at very low pressures and high velocities. Paneth was also able to remove 
a zinc mirror in the same way; dimethylzinc was then formed and could actually 
be isolated. In a similar way Paneth demonstrated the existence of free ethyl (by 
decomposing tetraethyllead), which also has a very short life. 

The methyl molecule lias an odd number of valency electrons. The outer shell of 
the carbon atom contains three pairs of electrons and one uncombincd or unshared 
electron: 

H 

H: C : H 

This unshared electron tries to form a pair of electrons with a valency electron 
of another atom; consequently methyl is a very reactive and very unstable compound. 

The very unstable radical >CH 2 , methylene, is produced by the thermal decompo¬ 
sition of diazomethane (210). 


H 3 C— 
HjC—CH— 
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(b) Hydrocarbons with a triple bond ( alkynes ) 

00. These hydrocarbons contain four atoms of hydrogen less than the 
alkanes with the same number of carbon atoms; the general formula is 
C,H. n -2. The names of these compounds are formed by replacing the suffix 
a/ie in the name of the corresponding saturated hydrocarbon by yne; 
C 2 H 2 e thy lie, C 3 H 4 propyne, C 4 H G hutyne ; the general name is alkyne. 

Methods of formation and properties. The alkynes can be prepared by 
extracting two molecules of hydrogen halide from dihalogenoalkanes. This 
reaction may be carried out by heating with alcoholic caustic soda or by 

the action of sodamide, e.g.: 

1. C HjBr—CH 2 Br + 2XaOC 2 H 5 —> CHECH + zNaBr 4 - 2C 2 H 5 OH. 

cthyne 

2 . CHjCHBr—CH 2 Br + 2NaNH a —► C H,C=C H + 2XaBr + 2NH3. 

propyne 

Propyne can be obtained both from 1,1-dibromopropane and from 
2,2-dibromopropane: 

3. CHjCH,CHBr, + :NaOC,H 5 —> CH 3 C=CH + aNaBr + 2C 2 H 5 OH 

4. CH 3 CBr 2 CH 3 + 2NaOC 2 H s > CHjCECH + 2NaBr + 2C 2 H 5 OH. 

It is apparent from examples 3 and 4 that the fission of two molecules of 
hydrogen bromide occurs between two adjacent carbon atoms. Hence the 
course of the reaction is similar to that involving the formation of alkenes 
from alkyl halides. The alkynes can combine with two molecules of hydrogen, 
halogen or hydrogen halide. The presence of a triple bond is assumed in the 
alkynes for reasons similar to those put forward for supposing that there is 

a double bond in the alkenes. 

In ethyne both of the hydrogen atoms may be replaced by certain metals; 
it reacts with an ammoniacal solution of cuprous chloride with the formation 
of a reddish brown precipitate of the composition Cu 2 C 2 . This is a sensitive 
reaction for acetylene. With an ammoniacal solution of silver nitrate a 
colourless precipitate of Ag 2 C 2 is produced; these metal compounds are 
decomposed by dilute acids with the re-formation of ethyne. Propyne and 
those homologues in which the group —C=CH occurs, can also form metal 

compounds. 

Example: 

CjHjCOCH, + I’CI S 
C 2 H 5 COCjH 6 + I’Cb- 


CjH 5 CC1 2 CH 3 


C jHjCEC H 

gives a metal compound, 


C t H b CC\ t CiHi —> C 1 H 5 C = CCH 3 


4 a nr rril'n O met nl rnmnnnnd. 
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The silver compounds of the alkynes, and to a lesser extent the cuprous 
compounds, are explosive. The hydrogen atom of the group =C —H can 
also be replaced by alkali metals; on heating sodium and acetylene the 
compounds HC=CNa and NaC=CNa are produced. These substances are 
decomposed by water with tlie re-formation of acetylene. 


These sodium compounds can also be produced by the action of sodamide on the 
alkynes in liquid ammonia: 

C 5 H n CH 2 CECH + NaN'H ;—> NH 3 + CjH u CH 2 C=CNa. 

By the action of dimethyl sulphate the sodium atom can be replaced by the CH 3 
group: 

C 5 H n CH 2 CECNa + (CH 3 ) 2 S 0 4 —C 5 H„C H S C=C C H 3 + Na(CH 3 )SO,. 

Alkynes containing the group —C=CH, react with an ethereal solution of methyl- 
magnesium iodide; in this reaction methane is formed and a magnesium derivative 
of the alkyne, which separates as a solid: 

RCEEC H + Mg(CH 3 )I —> CH 4 + RC=CMgI. 

These alkynemagnesium halides can be used for syntheses, c.g .: 

CH 3 CH 2 C=CMgBr + C 0 2 — C H 3 CH 2 C=CC 0 2 MgBr + H a O - CH 3 CH 2 C=CCOOH + Mg(OH)Br. 
butyncmagnesium bromide butync-i-carboxylic acid-i 

Another property of the alkynes is, that they can combine with a molecule 
of water when treated with dilute acids in the presence of mercury salts 
which act catalytically. In this way acetaldehyde is produced from ethyne, 
and acetone from propyne. Probably an unsaturated alcohol, which is 
unstable (see 95) and passes over into aldehyde (or ketone), is formed as 
an intermediate product: 

HCECH + HOH —> H 2 C=CHOH —H 3 CCHO 

(unstable) 

CH 3 CECH + HOH—> CH 3 C(OH) —CH® —> CH 3 COCH 3 . 

(unstable) 

The catalytic action of mercury salts in this reaction depends on the formation 
of complex mercury compounds. For example, if propyne is passed into a solution 
of mercuric chloride, a precipitate is produced of the composition 3HgCl 2 3Hg02C 3 H 4 , 
from which acetone is formed by the addition of hydrochloric acid. 

In the catalytic reduction of ethyne, ethene is the primary product, which is then 
reduced further to ethane. 

With higher alkynes, e.g. with H 3 CC=CC 2 H 5 , C 2 H 5 C^CC 2 H 5 , etc., the catalytic 
reduction can be carried out in the liquid phase by using colloidal palladium or 
finely divided nickel, in such a way that the corresponding alkene is obtained in 
good vield; in this case the czs-form is produced (Bourguf.l; Dupont; Campbell). 

From measurements by Kistiakowsky it follows that the thermal effect for the 
addition of molecule of hydrogen to ethyne amounts to 42.5 keal. 
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The alkynes can be caused to polymerise in various ways depending on 
the reaction conditions. When acetylene is passed through a red hot tube 
(temperature about 700°) three molecules combine together to give benzene 
(213) Under the same conditions homologues of benzene are formed from 
homologous alkynes (see also 91 and 216 for the polymerisation of ethyne). 


By heating 
isomers in w 
(Faworsky) : 


with potassium alcoholate the higher alkynes can be converted into 
bich the triple bond takes up a different position in the molecule 

CHjCHjCHjCECH C H 3 C H a C = C C H 3 . 


pcntyiie-i 


pcntyne-2 


91. Ethyne ( acetylene) is a colourless gas possessing a faint ethereal odour 
when pure; it is slightly soluble in water, more soluble in alcohol and readily 
soluble in acetone. The critical temperature is 35 - 5 ° and the critical pressure 
61.6 atm. Acetylene burns with a highly luminous, sooty flame. Mixtures of 
acetylene and air are very explosive between wide limits of composition 
(explosion limits) varying between about 5 and 70 % of acetylene. The 
melting point of acetylene is —81.8° and the sublimation point of the solid 

—83.6° (760 mm). 

Acetylene is formed by direct synthesis from its elements in an electric 
arc between carbon electrodes in an atmosphere of hydrogen (Berthelot 
1863). From the heat of combustion of acetylene (313 keals) it follows that 
the heat of formation from gaseous hydrogen and solid carbon amounts 

to —55.8 kcal (see 114): 


2C + H, C jHj— 55.8 kcal. 

The reaction is reversible; from the Le Chatelier—Van t Hoff principle 
it follows that an appreciable quantity of acetylene can be formed from its 
elements only at very high temperatures; about 3 % is found at 2500°. 
Hence it is to be expected that acetylene will be unstable at temperatures 
below iooo°, i.e. it will show a tendency to decompose into carbon and 
hydrogen. Actually this decomposition can occur in compressed acetylene 
gas and the reaction may take place explosively due to the heat set free. 

Ethyne can be produced by the thermal decomposition of alkanes 
(occurence of small quantities of acetylene in coal-gas). When methane is 
passed at a very high velocity over tungsten wires heated to about 2000°, 
the exit gas contains a few per cent, of acetylene; CH groups are produced 
by the decomposition of the methane and they combine with one another 
to form acetylene molecules at lower temperatures. 

Acetylene is obtained on a commercial scale by treating calcium carbide 

with water: 

CaC, + zH.O —► Ca(OH), + C,H a . 
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Calcium carbide, which may be considered as the calcium derivative of 
ethyne, is prepared by heating carbon (coke) with CaO (quicklime) in an 
electric furnace to about 2000°; this reaction also is reversible and strongly 
endothermic: 

C aO + 3C —>■ C aC 2 + CO —105 kcal. 

Acetylene is an important starting material for the organic chemical industry. 
Acetaldehyde is prepared by passing acetylene through warm, dilute sulphuric acid 
containing mercuric sulphate in solution. The acetaldehyde is then oxidised with 
atmospheric oxygen with or without manganese acetate as a catalyst, to acetic acid. 
Acetaldehyde itself is used for the technical synthesis of butadiene: 

2 CH 3 CHO —> CH 3 CHOHCH 2 CHO —> CHjCHOHCIIjCHjOH —> H 2 C = C H—C H = C H 2 

(reduction) (removal of 2H 2 0) (butadiene) 

Butadiene is used for the synthesis ot artificial rubber. Several important starting 
materials for the manufacture of artificial resins are made from acetylene, for example, 
vinyl chloride (94) and vinyl acetate (95). Nif.uwland found that when acetylene 
is passed through an aqueous solution of cuprous chloride and ammonium chloride it 
is converted into a dimer, vinylacetylene (b.p. + 5 0 ): 

HCECH + HCECH —> HjC=CH-CECH. 

n-Butane is obtained from vinylacetylene by catalytic reduction; one hydrogen atom 
in vinylacetylene is replacable by an atom of silver. This settles the structure. When 
vinylacetylene is shaken with hydrochloric acid, 4 -chlorobutadienc-i ,2 is produced 
and this is converted by the catalytic influence of cuprous chloride into 2 -chloro- 
butadiene- 1,3 or chloroprene: 

(CujClj) 

H 2 C = CHC=CH + HC1— >- ClCH a — CH=C = CH 2 -—>- H 2 C = C H— C C1= C H 2 . 

(1,4-addition) 4-chlorobutadiene-i,2 2-chlorobutadienc-i,3 

Chloroprene can be converted into a polymer: 

[— H.CCC1=CH-CH 2 CH 2 CC1=CHCH 2 — ]z, 

which resembles caoutchouc in many respects and is prepared on a large scale under 
the name of Duprene or Neoprene (Carothers). 

Acetylene is introduced into commerce in steel cylinders containing acetone and 
kieselguhr into which acetylene is compressed to a pressure of 12 atm. At this pressure 
one volume of acetone dissolves about 300 volumes of the hydrocarbon. In special cases 
acetylene is used for lighting purposes (floating lights, etc.), and it finds an important 
application in the oxyacetylene-flame (temperature about 3 , 500 °) for the welding 
of steel billets or plates. 

(c) Hydrocarbons with two double bonds (Alkadienes) 

92. These hydrocarbons have the same general formula C„H 2n -2 as the 
alkynes with which they are therefore isomeric. They are denoted by the 
suffix diene ; the simplest compound of this series is propadiene or allene, 
H 2 C=C=CH 2 . This compound is produced by the action of zinc on 1,2-dibro- 
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mopropene-2,H 2 C=CBrCH 2 Br, by which two bromme atoms are removed. 
Allene is a gas at ordinary temperature, b.p. 32°; m -P* 146 . 

Stereostructure of allene derivatives (compare 291). In the space model of propadiene 
the valence forces of the two double bonds lie in planes at right angles Uione another, 

so that two mirror image forms can occur for compounds of the type B ^ C = C = C ^ B ’ 
as already mentioned by Nan ’t Hoff. 



1 

1 

a|a 


C'---C=C< ] >C=C-"C 


b' b 
1 

1 



Fig. 28 . Space model of propadiene 


We arc dealing here with a molecule which contains no asymmetric carbon atom, 
but in which the elements of symmetry mentioned in 37 are wanting. Maitland and 
MlL ,.s have found an example of this. They prepared the rfMomi of 1,3-dlphenyl- 


1 , 3 -di naphthyl propenol, 


C I0 H 

c 6 h 5 


C = C II—C 

I 


/'C.H 


OH 


10 


H, 


from which d-diphenyldinaphthylallenc 


C «“^ C = C = C^ C ‘ H5 , was produced by warming with a little d-camphorsulphonic 

acid’the allene derivative showed a specific rotation of + 437 °* When the removal 
of water from the alcohol mentioned above was carried out by means of /-camphor 
sulphonic acid the optical antipode of the above mentioned allene derivative with 
a specific rotation of — 438°. was produced. The campliorsulphonic acid acts catalytic- 
ally in the removal of water; probably an ester is formed as an intermediate, which 
decomposes on warming into campliorsulphonic acid and the allene derivative; the 
reaction takes an asymmetric course (compare 209) under the influence of an optically 
active catalyst (</- or /-campliorsulphonic acid). 


Butadiene-1,3 (divinyl or erythrene) CH 2 “CH—CH=CH 2 , can be prepared 
by splitting off two molecules of hydrogen chloride from 1,4-dichlorobutane, 
CH 2 C 1 CH 2 CHXHX 1 . This butadiene (b.p. -f- i°), is the simplest example 
of a hydrocarbon with conjugated double bonds. By this term is meant the 
grouping >C~ C—C=C<. In compounds in which this grouping occurs, 
addition of two mono-valent atoms (or groups of atoms) is frequently 
observed to take a peculiar course. 1 hus by the action of chlorine (1 mol.) 
on 1,3-butadiene, a mixture of two isomeric dichlorobutenes is produced: 


C II, = CH—C H = CHj 4 - Cl 2 
1 2 3 4 

C H S C 1 —C HC 1 —C H=CH a C H 2 C 1 —C H = C H—C H t Cl 

i,2-dichlorobutcnc-3 1,4-dichlorobutcne-a 

The position of the double bond in these isomers is proved by oxidation; 
1,2-dichloropropionic acid is produced from i,2-dichlorobutene-3 and 
monochloroacetic acid from i,4-dichlorobutene-2. 1,4-Dichlorobutene is 
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formed therefore by the addition of chlorine atoms to carbon atoms 1 and 4, 
while a double bond is produced between carbon atoms 2 and 3. 

This course of addition to a conjugated system of double bonds, which 
was discovered by Thiele, is known as 1,4-addition. Many cases of 1,4-addi¬ 
tion to a conjugated system of double bonds have been observed, especially 
with more complicated compounds. 

The molecular refraction of hydrocarbons, in which conjugated double bonds occur, 
is greater than would be expected on the basis of the presence of two double bonds; 
this increase in the molecular refraction is called the exaltation of the conjugated 
system. 

The molecular refraction of hexadiene- 2 . 4 , H 3 C—CH =CH—Cl I =CH—Cl l 3 , is 30 . 64 . 
By calculation from the refraction equivalents for carbon, hydrogen and for two double 
bonds, it should be: (6 x 2 . 55 ) 4 - (10 x 1 . 04 ) 4 - (2 x 1 . 676 )= 29 . 05 . Hence the exal¬ 
tation of the molecular refraction is 1 . 59 . The molecular refraction for hexadiene-i ,4 
(H 2 C=CH—CH 2 —CH=CH—CH 3 ) is 29.3 and for hexadic-nc-i ,5 (ClI, =CII—CII 2 — 
CH,—CH=CH 2 ) it is 29 . 07 . These hcxadiencs in which the double bonds are not 
conjugated, show no exaltation. 

Butadiene is an important starting material for the preparation of arti¬ 
ficial rubber; for a technical synthesis see 302. 

93. Another important hydrocarbon of this series is 2-methylbutadicne-i,3 
or isoprene, c 6 h 8 or ch 2 =c—ch=ch, . This hydrocarbon is closely related 

ch 3 

to caoutchouc (300) and natural rubber; the atom grouping of isoprene is 
also met with in the molecular structure of a number of terpenes (compare 
also 95). Isoprene (b.p. 33.7 0 ) can be prepared by allowing limonene (297) 
vapour to impinge on a red hot platinum wire. 

The structure of isoprene is apparent from the following. By the addition of two 
molecules of hydrogen bromide to isoprene and to 3 -methylbutadicnc-i ,2 (dimethyl- 
allene) (CH 3 ) 2 C =C =CH 2 , there is produced the same dibromopontane, viz. 3 -methyl- 1 , 3 - 
dibromobutane, (CH 3 ) 2 CBr.CH 2 .CH 2 Br, the structure of which is proved by its 
conversion into 2 -hydroxy- 2 -methylpropane carboxylic acid ( 2 -hydroxyvalcric acid) 

CH 3 

CHj-C-CH.COOH . 


OH 

The structure of dimethylallene follows from the synthesis described below. 

CH S |H 3 

2 -Methylbutanol- 2 , CH 3 —C—CH 2 CH 3 and 3 -methylbutanol- 2 , CH 3 —CH—CHOH— CH 3 , 

O H 

prepared as described in 59 , are converted into the corresponding iodides, from which 
hydrogen iodide is subsequently removed. In each case there is produced 2 -methyl- 
butene -2 (trimethylethene), (CH 3 ) 2 C=CHCH 3 ; any other position for the double 
bond is excluded by the method of formation from the two iodides. Trimethylethene 
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adds on two atoms of bromine with the production of *-methyl-2,ydibromobutane, 
(CH.) 2 CBrCHBrCH 3 . 

On treating this compound with alcoholic potash, two molecules of hydrogen bromide 
are split off and 3 -methylbutadiene-i. 2 , (CH 3 ) 2 C = C=CH 2 . is formed. 

This structure is confirmed by the production of propanone by oxidising 3-methyl- 

butadiene-1.2. 


(,v/) SUBSTITUTION PRODUCTS OF UNSATURATED HYDROCARBONS 

(a) Unsaturated halogeno-compounds 

94. Unsaturated halogeno-compounds, unsaturated alcohols, unsaturated 
acids, etc. may be considered as substitution products of the alkenes, in 
which a hydrogen atom is replaced by halogen, OH, COOH, etc., respect¬ 
ively. Thus in these compounds two characteristic features appear: 1 the 

double bond and 2 the substituent. 

In general the properties of the second characteristic group are modified 
by the presence of a double bond. The effect of the double bond depends 
on the position which the second group occupies in the molecule with 

respect to the double bond. 

As the first example, the different types of unsaturated halogeno-com¬ 
pounds will be considered. These can be prepared by adding halogen to 
the alkene and removing a molecule of hydrogen halide from the alkene 
dihalide so obtained, by warming with alcoholic potash: 

H,C =C H, + Br 2 —► CH,BrCHjBr 

C H s BrC H.Br— HBr —► CH a =C HBr. 

bromocthene 

Halogenoalkenes of this type can also be obtained by removing a molecule 
of hydrogen halide from a dihalogenoalkane, in which both halogen atoms 
are combined on one carbon atom: 

CH,CH,CHBr,- HBr —> CH,CH = CHBr 
from propanal and I’Br 5 i-bromopropenc-i 

C HjC Br 2 C H 3 — HBr —> C H,C Br= C H 2 . 
from propanone and I’Br s 2-bromopropcnc-i 

In these compounds the bromine atom is attached directly to the doubly 
bound carbon atom, as appears from the method of formation. Experience 
lias shown that the halogen atom in these and similar compounds, is very 
slightly reactive compared with the halogen atom in halogenoalkanes. 
In compounds of the type RCH = CHX or RCX = CHR / the halogen atom does 
not take part in double decomposition , or more accurately, replacement reactions. 
Unsaturated alcohols are not formed by the action of alkali; neither are 
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unsaturated ethers produced by the action of sodium alcoholate or unsatur¬ 
ated amines by the action of ammonia. 

The only reaction which does take place with these reagents, is the 
removal of a molecule of hydrogen halide to produce a hydrocarbon of the 
formula C n H 2n _ 2 . 

Besides i-bromopropene-i and 2-bromopropene-i a third bromopropene, 
i-bromopropenc-2 or allyl bromide, is known to which the structural formula 
CH 2 =CHCH 2 Br must be ascribed, because only three isomeric substitution 
products of propene are possible, in which one hydrogen atom has been 
replaced by bromine and the structure of the two other bromopropenes 
follows from their methods of preparation. 

The bromine atom in i-bromopropene-2 will undergo double decomposition 
in the same way as the bromine atom in an alkyl bromide. 

This i-bromopropene-2 is produced by the action of PBr 5 on the unsatur¬ 
ated alcohol CH 2 = CHCH 2 OH, propcne- 2 -ol-i or allyl alcohol (see 95). 

In a halogenoalkene, in which the halogen atom is attached to a singly 
bound carbon atom, the halogen atom is reactive like a halogen atom in 
an alkyl halide. The double bond has an effect on the reactivity of a halogen 
atom then only if this halogen atom is attached to a doubly bound carbon 
atom. Conversely, from the ability or otherwise of a halogen atom in a 
compound C„H 2n _ 1 X to undergo double decomposition, it may be concluded 
whether this halogen atom is attached to a singly bound or a doubly bound 
carbon atom. 

Chloroethene or vinyl chloride, CH 2 =CHC 1 , b.p. —12 0 and bromoethene 
or vinyl bromide, CH 2 =CHBr, b.p. 15.8°, easily pass over into polymeric 
compounds, which must be attributed to the presence of the double bond 
(see 103). 

i-Chloro-(bromo- or iodo~)propene-2, allyl chloride, allyl bromide and allyl 
iodide, boiling at 46°, 70° and 102° respectively, are employed in syntheses 
where it is desired to introduce the allyl group, CH 2 = CH—CH 2 —. 

i-Chloropropyne-2 or propargyl chloride, HC=CCH 2 C 1 , (b.p. 65°), which 
can be prepared from propargyl alcohol, HC=CCH 2 OH (see 96) and PC 1 5 , 
is an example of a halogeno-compound of the type C n H 2n _ 3 X. Propargyl 
chloride can form metal derivatives (=CH group) and the chlorine atom 
can be replaced by mono-valent groups of atoms, which is in agreement 
with the structural formula. 

Dichloroethyne or dichloroacetyleyie , C 1 C=CC 1 (b.p. 33 0 ) is produced by 
passing acetylene into a solution of KOC 1 containing an excess of potassium 
hydroxide. Dichloroacetylene is a very unstable compound which explodes 
violently in contact with air. 
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(b) Unsaturated alcohols ( alkenols ), CnH 2n O 

95 . The simplest representative of this series is fropene-2-ol-i or allyl 
alcohol CH, CHCH,OH, which can be prepared by methods described 
later (see 122). Propanol-i is produced from allyl alcohol by catalytic 
reduction. From this it follows that the group CH.OH occurs in a y 
alcohol, which is confirmed by the products obtained on oxidation Allyl 
alcohol can be oxidised to an unsaturated aldehyde, propenal (acrolein), from 
which elhene carboxylic acid or acrylic acid is produced by careful oxidation. 


CH,= CHCH,OH 
propcne-2-ol-i 


CHj = CHCHO 

propenal 
nr nrrolein 


CHj=CHCOOH. 
ethene carboxylic acid 
or acrylic acid 


Allyl alcohol can add on two atoms of halogen; for the addition of two 
OH-groups see 86. 

The hydroxyl group in allyl alcohol is attached to a singly bound carbon 
atom Aliphatic alcohols in which the hydroxyl group is attached to a 
doubly bound carbon atom, are not stable (Erlenmeyer’s rule); in those 
cases in which the occurrence of such unsaturated alcohols might be expected, 

isomeric compounds are obtained. 

On splitting off a molecule of water from glycol, HOCH 2 CH 2 OH, ethenol, 
q^ — CHOH is not produced but the isomeric ethanal, CH 3 CHO. Ethenol 
or vinyl alcohol is unknown in the free state; derivatives of this compound 
like vinyl chloride or bromide already mentioned, are well known. 


Vinyl acetate. CH 2 =CHOOCCH 3 , is prepared by 
acid in presence of a mercury salt as catalyst. 


the action of acetylene on acetic 


HCECH + HOOCCHj —> CHj=CHOOCCH, . 


By the further action of acetic acid, elhylidene diacetate is produced. 

CH,*C HOOCCHj + HOOCCHj —> CHjCH(OOCCH,) t . 

Vinyl acetate is readily converted into polymeric products, which are used for the 
manufacture of synthetic resins (see 103). OHH 

Later on we shall learn about compounds in which the grouping —c=c— 
occurs (see 149). 

Allyl alcohol (b.p. 97.06°, m.p. — 50°) is miscible with water in all pro¬ 
portions. 

A derivative of allyl alcohol, diallyl disulphide CH a =CHCH a S—SCH a CH=CH a , 
is the chief constituent of oil of garlick and has its characteristic odour. The name allyl 
alcohol is derived from the botanical name for garlick, allium saLvum. Diallyl disulphide 
is prepared synthetically by the action of allyl bromide on sodium disulphide. 

Unsaturated alcohols with one or more double bonds occur as components of essential 
oils (212, 294); some of these, such as citronellol, C 10 H a0 O, boiling at 225 0 and geraniol. 
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C 10 H I8 O, boiling at 230° find application in the perfumery industry. Both alcohols have 
an odour like roses and occur, for example, in oil of roses and in geranium oil: 


C H 3 —C—C H 2 — C H,—C H 2 —C H—C H 2 —C HjOM 
CH 2 ch 3 

citronellol 

C H 3 —C = C H—C Ho—C H 2 —C = C H—C HoOH. 

1 1 

ch 3 CHj 

gcraniol 


Fame sol, C 15 H 2£ o. b.p. 160° at 10 mms., smells like lily of the valley: 
C H,—C = C H—C H,—C H,—C = C H— C H,—C H,—C = C H—C H..OH. 


CH 


CH 


3 


CH 


farncsol 


To this group also belongs phytol, C 20 H 40 O, b.p. 145 2 at 0.03 mm., which is obtained 
as a fission product from chlorophyll (321): 

C H 3 —C H—(C HJ 3 — C H—(C H 2 ) 3 —C H—(C H 2 ) 3 

C H, C H 3 C H 3 

phytol 

When the structures of these alcohols are compared, it appears that the carbon 
skeleton of isoprene (93) is repeated in the carbon chain, twice in citronellol and 
gcraniol, three times in famesol and four times in phytol. 

96. Propyne-2-ol-i (propargyl alcohol) CH=CCIT 2 OH, is an alcohol with a triple 
bond, which can be obtained in the following way: CH 2 BrCHBrCH 2 Br, 1,2,3-tri- 
bromopropane, on treatment with potash gives i,2-dibromopropene-2, CH 2 :CBrCH 2 Br, 
from which 2-bromopropene-2-ol-i, CH,: CBrCH 2 OH, is produced by the action of 
potassium acetate and subsequent hydrolysis, since only the terminal bromine atom 
here is amenable to double decomposition (94). When this alcohol is warmed again 
with potash, a further molecule of hydrogen bromide is split off and propyne-2-ol-i 
or propargyl alcohol is obtained. The structure of the substance is apparent both 
from its method of formation and from its properties; it gives metal derivatives 
(=CH group) and as a primary alcohol it may be oxidised to an acid, etliyne carboxylic 
acid or propiolic acid, HC=CCOOH, with the same number of carbon atoms. 

Propargyl alcohol is a pleasant smelling liquid, soluble in water, boiling at 114—115 0 
and having a spec. grav. of 0.963 at 21 0 . The metal derivatives of this substance arc 
explosive. 


-C = CH-CH,OH. 

I 

CH, 


(c) Unsaturated aldehydes and ketones 

97. The simplest unsaturated aldehyde is propenal or acrolein, CH 2 ^ CHCHO. 
This compound can be obtained by heating glycerol with potassium bisul¬ 
phate, which splits off a molecule of water. Acrolein is a liquid, b.p. 52.4 0 , 
setting point —87° and dj 5 = 0.8447. ^ possesses a very intense, intolerable 
odour from which the name (acer = acrid of sharp, oleum = oil) is derived; 
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acrolein is produced is small amount in the thermal decomposition of fats. 

By reduction, propenal is converted into 2- P ro P enol-l and under more 

powerful conditions into propanol-i. On careful oxidation, propenal is 

converted into ethene carboxylic acid (acrylic acid). 

, . , vorv easily giving an odourless, solid mass of disacryl, which 

Acroh-in l-.ymenses ^ ca«l> g> ^ polymcriation of acrolei „ can be greatly 

Scd Cadding small quantities of polyhydric phenols. quinol or pyrogallol 

(MOU REU). 

The action of ammonia on propenal takes a different course from that with 
saturated aldehydes, viz. according to the equation: 

2C 3 H,0 + NHj — > C s H,ON + H 2 0 . 

This P ro P enal-ammonia is an amorphous, basic substance, readily soluble 

111 Propenal combines with two molecules of sodium bisulphite; in all probab¬ 
ility a molecule of NaHS 0 3 is added to the double bond since only one 
molecule of NaHSO s is split off when the addition product is treated with 

dilute acid and propenal is not regenerated. 

2 -Butcnal [crotonaldehyde) CH 3 CH=CHCHO. is produced from 3 -hydroxybutanal 

r- 


ch,choh|ch;hc 


\H 

(aldol) by heating to M o°. when a molecule of water is split off. It is a liquid boiling 
it io 5 °. which is converted into crotonic acid by oxidation with silver oxide, hence 

its structure. 

Propytial {progargyl aldehyde) CHSCC^, can be obtained by adding two atoms 

of bromine to propenal acetal and then removing two molecules of hydrogen bromide 
from the addition product: 

CH,=CHC /H - CH.BrCHBrC^” -* CHSCC^ • 

^(OC,H s ), ^(OC,H 5 ) a ^ 1 C s h 5 ), 

propenal acetal dibromido propynal acetal 

The aldehyde is obtained by warming the last mentioned acetal with dilute sulphuric 
acid: it is a liquid, which toils at 59-61° and attacks the mucous membrane in the 

same way as acrolein. 

An unsaturated aldehyde of the composition C 10 H 18 O, citronellal, is a 
constituent of citronella oil. which is obtained from a tropical species of 
grass (cymbopogon nardus) ', citronellal has a strong odour of lemons. Its 

probable structure is 

CHjCCHjCHjCHjCHCHjCHO. 
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The chief component of lemongrass oil (from cymbopogon fJexosus) is 
citral, C 10 H 16 O, b.p. 112 0 at 12 mm, which is also found in various other 
esscntial oils; citral has an odour of lemons and is used therefore in the 
perfumery industry. Geraniol (see 95) is produced by the reduction of 
citral; oxidation of citral with silver oxide produces geranic acid, C 10 H 1G O 2> 
(Semmler). This shows the presence of a —CHO group in the molecule. 
The structure of citral is 


ch 3 \ 

C=CHCH,CH,C=CHC 
CHj/ ' | \H 

CH ? 

3,7-dimethyl-2,6-octadii‘nal 

On oxidation propanone, 3-butanone i-carboxylic acid (laevulic acid 148) 
and carbon dioxide are produced. 

CH,\ 

CO, HOjCCH.CH.CO, C0 2 , C0 2 . 

CH 3 / I 

CH 3 

propanone laevulic acid carbon dioxide. 

The structure of citral is confirmed by a peculiar fission which this 
substance undergoes on boiling with a solution of potash; a molecule of 
water is taken up and 6-melhylhepten~5-one-2 and ethanal are formed. 

CH 3 C=CHCH 2 CH 2 COCH 3 CH 3 CHO. 

ch 3 

6-mcthylhcptcnc-5-one-2 ethanal 

The structure of this methylheptenone follows from the production of 
acetone and laevulic acid on oxidation. In this fission of citral the carbon 
chain is broken at the double bond, which is influenced by the aldehyde 
group. 

The Verley-Meerwein-Ponndorf method is particularly suited for the 
reduction of unsaturated aldehydes (or ketones) to unsaturated alcohols, 
since under these conditions only the carbonyl group and not the C=C bond 
is reduced. On warming the aldehyde or ketone with aluminium isopropylate, 
a reversible reaction takes place: 

3RCHO + A1[-0CH(CH 3 ) 2 ] 3 7±(RCH : 0) 3 A1 + 3(CH 3 ) 2 CO. 

The acetone is distilled off during the reaction so that the concentration of 
(RCH 2 0 ) 3 A 1 increases; on decomposing this compound with water the alcohol 
RCH 2 OIT is obtained. 
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Ketenes 

98. The simplest ketene, ethenone, CH a =C = 
is prepared by passing acetone vapour over a 


O, was discovered by Wilsmore and 
glowing tungsten wire: 


CHjCOCHj —> C H 4 + CH,= C = 0 . 


/Br 


Ketene is also produced by the action of zinc on bromoacetyl bromide, BrCH.C^, 

two bromine atoms being removed in the process; this method of formation proves 

the structure of the compound (Staudinger). 

Ketene (b.p. —41°. m.p. — 134 °) is very poisonous; it is a very reactive substance, 

which gives acetic acid with water and acetyl compounds with primary amines. 


HOH + CH,= C = 0—► HjC-COOH 
RNH, + CH,= C=0 > RNH C CH S . 

O 


Ketene easily passes into a dimer, diketene (b.p. 127°). the probable structure 
of which is 

H,C = C-CH, 

U- O. 

Ethyl acctoacctatc, CH 3 C 0 CH a C 0 2 C,H s (148. M 9 ) 15 Produced by the action of 

ethanol on dikctcnc. // -^ TT » p p , 11 

Staudinger has prepared a number of dialkylketcnes, e.g. ( 3)2 — — - 

these compounds are very reactive. 


(xii) MONOBASIC UNSATURATED ACIDS 

(a) Alkene carboxylic acids C n H 2n -20 2 ; oleic acid series 

09. Methods of formation. Acids of the C n H 2 n-20 2 senes can be obtained: 

1. by warming fatty acids in which a hydrogen atom in the alkyl residue 
is replaced by a halogen atom, (halogeno-acids, see 129), with alcoholic 

potash: 

CHjCHCICHjCOOH + KOH —> C H S C H = C HCOOH + KC1 + H t O . 
2-chlorobutyric acid x-propenc i-carboxylic acid 

2. by splitting off water from mono-hydroxy-acids (see 130): 

C H,C HOHC HjCOOH —> CH,CH = CHCOOH + H t O. 

2-hydroxybutyric acid i-propcnc x-carboxylic 

acid 

These methods of formation are analogous to the general methods of 

formation of alkenes from saturated compounds. 

Further, unsaturated acids can be obtained by oxidising unsaturated 
aldehydes or by replacing the halogen atom in unsaturated halogeno- 
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compounds of the type RCH=CHCH 2 X by the group —C=N and hydro¬ 
lysing the resultant nitrile. 

Nomenclature. The systematic names of these acids are derived, as with 
the saturated fatty acids, by putting the name “carboxylic acid’’ after the 
name of the hydrocarbon. Some also have special, trivial names derived 
from the substances from which the particular acid was first obtained. Thus 
the first member of the series, C 3 H 4 0 2 , called acrylic acid, is followed by 
C 4 H g 0 2 crotonic acid, C 5 H 6 0 2 angelic acid, C 18 H 34 0 2 oleic acid, C 22 H 42 0 2 
erucic acid. 

General properties.The acids of this series are “stronger’’ than the saturated 
acids with the same number of carbon atoms. The dissociation constant 
k (68) amounts to 0.0000134 for propionic acid, C 3 H 6 0 2 , 0.000056 for acrylic 
acid C 3 H 4 0 2 , 0.0000149 for butyric acid C 4 H 8 0 2 , 0.0000204 for crotonic acid 
C 4 H 6 0 2 , etc. 

Unsaturated acids have the power of undergoing addition reactions; they 
can be converted into the corresponding saturated acids by reduction. 

Like the alkenes, unsaturated carboxylic acids can be easily oxidised. 
On careful oxidation with dilute potassium permanganate solution di¬ 
hydroxy-acids are first produced: 


RCH CH(CH 2 ) n COOH + H ,0 + O —> RC HOHC HOH(C H,) n C OOH. 


On further oxidation these acids are split up into two acids viz, RCOOH 
and HOOC(CH 2 )„COOH. Thus the position of a double bond in the molecule 
of an unsaturated acid can be determined in this way. 

Unsaturated acids may also be broken down by the action of ozone and 
decomposition of the resultant ozonide (87). 

Some acids of this series arc split up by fusion with potassium hydroxide in presence 
of air, when potassium salts of saturated fatty acids are produced: 

CH 3 CH=CHCOOI< + KOH + Oj—► CH,COOK + CH 3 COOK. 
potassium crotonate 

In earlier times this reaction was employed for determining structure, because 
it was thought that the carbon chain would be broken at the double bond. It has 
been shown, however, that this method is unsuitable for the purpose, because the 
carbon chain is broken in a place other than where the original double bond was 
situated. In this way acetic acid and palmitic acid are produced from oleic acid, although 
the latter has the structure CH 3 (CH 2 ) 7 CH =CH(CH 2 ) 7 COOH (see 101). From this it 
must be concluded that the double bond in the carbon chain of an unsaturated acid 
can be displaced to the neighbourhood of the carboxyl group by heating with alkalis. 


100. Some individual members. Ethene carboxylic acid or acrylic acid , 
CH 2 =CHCOOH is produced by the oxidation of acrolein ch 2 =chc 
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(see 97 ) with silver oxide or by splinting off hydriodic acid from 2-iodoethane 

i-carboxylic acid, CH 2 ICH 2 COOH. Acrylic acid, b.p. 140 , m.p. 13 , has 

a sharp odour and is soluble in water. 

Propene carboxylic acids. Replacement of a hydrogen atom in the propene 

molecule by a carboxyl group can occur in three different ways so t 

according to the theory of structure three isomenc propene carboxylic acids 

are possible: 


1) CH*=CHCHjCOOH 2 ) CH,-CH-CHCOOH 


3 ) CH,=CCHj 
COOH. 


The acid of formula i, propene-2 i-carboxylic acid or viny acetic acid 
( b p 163°) can be obtained by the action of carbon dioxide on allylmagnes- 
iunV bromide and decomposition of the addition product initially formed 

with dilute acid: 

CH,-CHCH,MgBr + CO, - CH,=CHCH,CO,M 6 Br + H.O -*CH. = CHCH,COOH + MgBr(OH). 

Two acids are known, both of which must be considered as being pro- 
pene-i, i-carboxylic acid (formula 2), namely, crotonic acid with m.p. 72 and 
bp i8q° and allocrotonic acid (isocrotonic acid), with m.p. 15 , b.p. 169 - both 
acids can be converted into butyric acid by reduction and oxalic acid and 
acetic acid are formed from both acids by oxidation, from which the position 

of the double bond is established. 

Crotonic acid and allocrotonic acid are stereo-isomers, which differ in 
the position of the H-atoms and the CH 3 - and COOH-groups with regard 
to the plane of the double bond (82). 


1K-/CH, 




H/ C NCOOH 


i! 


HOOC/^H 

4 r/t no. 


or in projection formulae: 

h— c— ch, h 3 c— c —h 

H—c—COOH H—C—COOH 

The frmis-configuration (126) is attributed to crotonic acid. Stereo- 
isomeric forms (cis-trans forms) of a number of homologues of crotonic acid 

are also known. 

Crotonic acid occurs in croton oil. Allocrotonic acid is partially converted 
into crotonic acid on heating. 

Crotonic acid can be obtained by the action of potassium cyanide on allyl iodide. 
CH a —CHCHj,I, followed by hydrolysis of the resultant allyl cyanide, CH a —CHCHjCiS. 
Thus during the conversion of allyl cyanide into crotonic acid, the double bond must 
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be displaced, because allyl cyanide still has the structure ascribed to allyl iodide as is 
shown by an examination of the molecular refraction. The molecular refraction for 
the a-linc in the hydrogen spectrum is 19.75 f° r allyl cyanide C 3 H 5 CN and 20.28 for 
propane carbonitrile, C 3 H 7 CN. The difference [H„] is therefore 0.53, which agrees 
with a terminal double bond (sec 84). 

An acid of formula 3, i-methylethene i-carboxylic acid or methacrylic acid, 
is produced by splitting off hydrogen bromide from i-bromo-i-methylethane 
1-carboxylic acid: 


Br 


ch 2 v 

CHjCCOOH - HBr- CCOOH. 

I CH 3 / 

CHj 


Methacrylic acid, b.p. 161 0 , m.p. 15 0 , occurs in Roman camomile oil. 

Angelic acid CH 3 CH=C(CH 3 )COOH occurs as the ester in the roots of 
angelica archangclica; it melts at 45 0 ; tiglic acid, m.p. 64°, which also occurs, 
for example, in Roman camomile oil, is a stereo-isomer of angelic acid. 


101. Oleic acid or heptadecene-8 i-carboxylic acid, C 18 H 34 0 2 , is the most 
important member of the series of alkene carboxylic acids. Glycerides of oleic 
acid, i.e. glycerol esters, in which an oleic acid residue occurs, are constituents 
of most vegetable and animal fats (114). The oleic acid can be separated 
from these substances by hydrolysis; a large proportion of oleic acid together 
with a little stearic acid and palmitic acid is obtained from the liquid fats, 
e.g. olive oil, by saponification. The lead salt of oleic acid is soluble in ether 
and alcohol and can therefore be separated from the lead salts of saturated 
fatty acids which are much less soluble in these solvents. 

Oleic acid is dimorphous, the stable modification melts at 16.i°, the 
metastable at 13.2°; it is odourless, the liquid is viscous, very slightly 
soluble in water but miscible in all proportions with alcohol and ether. Oleic 
acid boils at 223 0 at 10 mm; it cannot be distilled at ordinary pressure with¬ 
out decomposition. 

On catalytic reduction, oleic acid takes up two atoms of hydrogen with 
the production of stearic acid. Thus oleic acid has a normal carbon chain. 

The normal structure of stearic acid has been proved by Krafft by converting 
it into a succession of acids with a smaller number of carbon atoms in the follo wing 
way. A mixture of barium stearate and barium acetate was heated in a vacuum, 
when a ketone, Cj 7 H 35 COCH 3 , was produced. 

C 17 H 36 C O Qba + ba O , PC CH 3 — C 17 H 3S C PC H a . 

Ba-stearate Ba-acctate nonadecanone-2 

When this ketone was oxidised, acetic acid and an acid C 17 H 34 0 2 , were produced. 
From this it follows that the ketone must have a CH 2 -group next to the carbonyl 
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+ vi fH COCHi since only in this case can an acid with 17 carbon 

group :.c. itmustbeC 16 H 33 CH 2 3. c H O. was converted in the same 

-itoms be produced in the oxidation. This acid, 2 . ^ 0 

‘ , r T, rOCH which was oxidised to produce an acid C, G H 3 sO # . 

"; iy 'TVc H O „:St c”wOOH and C 18 H 3s 0 2 must be C 15 H 31 CH,CH a 

COOH They'd C„H 3 . 0 2 (palmitic acid) was converted into a ketone and so on. 

Th° procedure « repeated until an acid C,„H ! 0 O 2 . nonane ,-carboxyl.c^ucd was 

obtained Which was known by synthesis (148) to possess a normal carbon cham. 

The position of the double bond in the molecule of oleic acid follows from 
the oxidation of methyl oleate with potassium permanganate when two 
acids each containing 9 carbon atoms, namely, octane i-carboxyhe acid 
or pelargonic acid, CH 3 (CH 2 ) 7 COOH and heptane 1,7-dicarboxylic acid 
or azelaic acid, HOOC(CH 2 ) 7 COOH (see 124)- The structure of oleic acid 

is therefore 0 ,., ch . 1 , C h=chich 1 ) i cooh. 


This structural formula is confirmed by the action of ozone on oleic acid^an 
ozonide (see 87) is produced, from which pelargonic aldehyde CH 3 (CH 2 ),CHO 
and an aldehydic acid, OHC(CH 2 ) 7 COOH, are obtained by warming with 
water. These aldehydes can be converted into pelargonic acid and azelaic 
acid by further oxidation. Oleic acid is slowly oxidised by air, especiaUy 

under the influence of light. . 

The conversion of oleic acid into a stereo-isomeric compound, allo-olexc 

acid or elaidic acid, which melts at 47 0 , is noteworthy. This transformation 

(claidinisalion) takes place when a solution of oleic acid in acetone is treated 

with nitrous gases at o° or when oleic acid is heated to 220° with a little 

selenium with the exclusion of oxygen. _ 

Elaidic acid can be converted into stearic acid by reduction. The double 

bond in elaidic acid lies between the ninth and tenth carbon atoms, since 
on degradation with ozone the same degradation products are obtained 

as from oleic acid. 

These stereo-isomeric acids are represented therefore by the following 


formulae : 


C H s —(C H,),—C H 


HOOC—(CH.) 7 —C H 
os-form 


C H 3 —(C H 2 ) 7 —C H 

HC—(C H.) 7 COOH 
trans-form 


It is not yet known with certainty whether oleic has a cis - or a irans- 

configuration. . 

Erncic acid C 22 H 42 0 2 , m.p. 34 °- A glyceryl ester of this acid occurs in 

rape oil, the oil from rape seed (brassica campeslris) and m mustard oil. 
The structure CH 3 (CH 2 ) 7 CH=CH(CH 2 ) n COOH, is derived from the prod¬ 
ucts obtained on oxidation. Erucic acid is converted into a stereoisomenc 
compound, allo-erucic acid or brassidic acid melting at 65°, by the action 

of nitrous acid. 
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(b) Unsaturated acids with two and three double bonds 

102. Glycerides (114) of linolic acid C 18 H 32 0 2 , occur in many vegetable oils, 
e.g. in poppy-seed oil, ground-nut oil and linseed oil; linseed oil also contains 
glycerides of linolenic acid, C 18 H 30 O 2 . Both acids can be converted into 
stearic acid by catalytic hydrogenation. 

From the oxidation of linolic acid (in the form of its methyl ester) with 
potassium permanganate, heptane 1,7-dicarboxylic acid, pentane i-car- 
boxylic acid and malonic acid are obtained, from which it follows that the 
structure is: 

CH 3 (CH.) 1 CH=CHCHjCH =CH(CHj) 7 COOH. 

linolic acid 

In the degradation of the ethyl ester of linolenic acid with ozone, the 
mono-ester of heptane 1,7-dicarboxylic acid, propionaldehyde and malonic 
acid are obtained; the structure of linolenic acid is therefore: 

CH 3 CH,CH = CHCH 2 CH = CHCH 2 CH=CH(CH,) 7 COOH. 

linolenic acid 


Linolic acid and linolenic acid and the esters of these acids are easily oxidised by 
atmospheric oxygen, when polymerisation also occurs (drying oils see 114). Four 
stereo-isomers are possible for a compound with the structure of linolic acid. Since 
CiS-/r««s-isomerism can occur at each of the double bonds (I and II), there are four 
combinations, cisj-cisji ; transj-transjj\ cisj-trans/i; transi-cisjj. So far only one linolic 
acid has been found amongst the fission products of vegetable oils. 

The polymerisatioyi of alkenes and vinyl compounds 

103. Undercertainconditionsalkenescan polymerise; this tendency to poly¬ 
merisation is much more pronounced in compounds of the type CH 2 =CHX 
in which X represents a halogen atom, a —COOH or —COOR group, a 
—CHO group, etc. 

As a result of this polymerisation polymers with a very high molecular 
weight can be obtained, which find a wide application in the manufacture 
of various articles for every-day use or as construction materials (artificial 
resins, plastics, artificial rubber etc.). 

All polymerisations of alkenes and their derivatives take place exotherm- 
ally. The alkenes themselves—and also some of their derivatives of the 
type CH 2 =CHX—do not polymerise at ordinary temperatures and pressures 
because the energy of activation of the reaction is too high. On the basis of 
the work of various investigators (Mark, Rideal, Staudinger, Evans) 
the following scheme has been developed: 

A molecule of the monomer is activated by the absorption of a light 
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quantum or by thermal coUisions. i.e. it is brought into a state with a higher 
energy content (i). The activated molecule can then react with a non- 
activated monomer-molecule, as a result of which heat is evolved due to 
the reaction and a dimer-molecule is produced (2) which is also in “ “ti- 
vated state (i.e. in a state of higher energy compared with the ground stated 
For simplification "free valencies” are assumed to be present in activated 

molecules in the equations given below: 


1) H 2 c = C HX —>- H,C—C HX 

activation | 

2 ) H 2 C — CHX + HjC — CHX- 


The polymerisation therefore takes place by a chain-reaction. The activation 
of the monomer (i) can be promoted by light of short wave-length or by 
catalysts such as peroxides, oxygen, aluminium chloride boron fluoride etc. 
Reaction 3 determines the growth of the carbon chain of the polymer This 
reaction proceeds until the chain-reaction is broken by the activated polymer 
molecule losing its excess energy, for example, by collisions against the 
wall of the vessel or by interaction with other molecules. 

Small quantities of phenol, and especially of hydroquinone (qumol), have 
the power of breaking the chain-reaction, so that these substances are added 
when it is desired to prevent polymerisation of the monomer (61). 

A third possibility of breaking the chain reaction exists when the activated 

polymer molecule assumes a cyclic structure. 

The degree of polymerisation, i.e. the number of molecules of monomer, 

from which a polymer is built, is determined by the number of successive 
chain reactions. Absence of impurities, which may break the reaction chain, 
promotes a high degree of polymerisation. Formation of a large number of 
activated monomer-molecules, each of which can act as a polymerisation 
nucleus" (Stobbe), leads to the formation of polymers with a low degree of 
polymerisation. Thus the final product of the polymerisation does not consist 
of a single kind of molecule, but of molecules having various degrees of 
polymerisation, i.e. different molecular weights; it is a mixture of polymer- 
homologues. In some cases, different fractions having different average 
degrees of polymerisation, can be separated by fractional precipitation from 

a solution of the original polymerisate. 

According to equations 2 and 3 in the above reaction scheme, in the 
polymerisation of CH 2 -CHX, long-chain molecules are formed in which 
side-chains (the groups X) may be substituted. In such a case the products 
are refered to as linear polymers. It must be assumed that the unsaturated 


-> H 2 C—CHXCH S —CHX 
—1) H.C = CHX —> HjC(CHXCH,) n — 


CHX 

l 
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terminal groups combine by forming large rings—with the production of 
very large cyclic chains—or, that saturated terminal groups are produced 
by interaction with small quantities of foreign substances. The polymerisates 
produced from linear polymers, are thermoplastic, i.c. they cannot be con¬ 
verted into hard, non-plastic products by heating. 

A few examples of this group of polymers are given below. 

When ethene is submitted to pressures of 1200 atm. at a temperature of 
200°, polymers (CH 2 ) X with a molecular weight between 3,000 and 40,000 
( polythene) are produced. 

Depending on the actual conditions employed, liquid or solid polymers 
having a carbon chain substituted by methyl groups, are obtained from 
isobutene by polymerisation at low temperatures with boron fluoride as 


catalyst. 




The polymers of styrene or phenylethene, C c H-CH—CH 2 , (267) colourless 
transparent products of amorphous structure, are of great practical im¬ 
portance. 

These polymers of ethene, isobutene and styrene possess high insulating 
power for electricity and good dielectric properties; at the same time these 
polymeric hydrocarbons are stable towards various chemical reagents. On 
this account they find application in the electrotechnical industries and for 
many other purposes. 

Other important starting materials for the preparation of synthetic resins 
and plastic materials are vinyl chloride, (94) vinyl acetate (95) and the esters 
of acrylic and methacrylic acids (100). The polymerisation of these liquid 
starting materials is carried out both on the pure material and also on 
aqueous emulsions, which are produced with the aid of emulsifying agents, 
e.g. salts of sulphonated oils. Peroxides, e.g. benzoyl peroxide (260) or hy¬ 
drogen peroxide, are used as catalysts for the polymerisation. 

Transparent, water-clear materials, which are used as “unbreakable glass 
for many purposes, e.g. in aeroplanes and motor cars, are obtained by poly¬ 
merising esters of acrylic acid or methacrylic acid. 

Copolymerisation is of considerable technical importance. In this process 
a mixture of two different starting materials is subjected to polymerisation, 
e.g. a mixture of vinyl chloride and vinyl acetate. In this way a polymer 
containing both components is produced: 

—C Ho—C H—C H 2 —C H—C H—C H.,—C H— 

I II I 

Cl Cl OCOCH3 Cl 
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By using copolymerisation it is possible to introduce different variations 
into the preparation of polymerisates, and the properties of the final 
product can be modified. 

(c) Monobasic unsaturated acids with a triple bond, C n H 2n -40 2 ; the propiolic 

acid series 

104. The first member of this series is propiolic acid, ethyne carboxylic acid, 

HC=^CCOOH, m.p. 9 0 and b.p. 92 0 at 50 mm. 

The sodium salts of the acids of this series can be obtained by the action 
of carbon dioxide on the sodium derivatives of alkynes: 

RC=CNa + CO ,—> RC=CCOONa. 

By this synthesis, acids are obtained in which the carboxyl group is 
directly attached to the triply bound carbon atom. The silver salts of these 
acids readily decompose into carbon dioxide and alkynesilver, RC CAg. 

Acids with a triple bond can, in general, be prepared by adding bromine 
to an alkcne carboxylic acid and splitting off two molecules of hydrogen 
bromide from the dibromoalkane carboxylic acid so obtained. 


Example : 


CH,(CH,) 7 C 11 

oleic 


C H(C 11 2 )jCOOH —► C H 3 (CH.),CHBrCHI 3 r(CH s ) 7 COOH 

‘ d C H S (C Hj)jC=C (C Hj) 7 C OOH. 

hcptadccyne-8, i-carboxvlic acid or stearolic acid 



Under the influence of sulphuric acid this acid combines with a molecule of water, 
in the same way as alkynes can add on water. In this case 9-ketoheptadecane 
i-carl>oxylic acid (kctostcaric acid), CH 3 (CH 2 ) 7 COCH 2 (CH 2 ) 7 COOH, is produced. 

The oxime of this kctonic acid CH 3 (CH 2 ) 7 C(CH 2 ) 8 COOH, can be converted into a 


NOH 


substitued acid amide, CH 3 (CH 2 ) 7 CONH(CH 2 ) 8 COOH, (Beckmann transformation, 
see 59) by the action of concentrated sulphuric acid. 

The structure of this compound follows from the result of fission with fuming 
hydrochloric acid whereby octane i-carboxylic acid, CH 3 (CH 2 ) 7 COOH, and 8-amino- 
octanc 1-carboxylic acid, H 2 N(CH 2 ) 8 COOH, are produced. This was the first proof 
of the position of the double bond in oleic acid (Baruch 1894). 



CHAPTER 8 


COMPOUNDS WITH TWO OR MORE CHARACTERISTIC 

ATOMS OR GROUPS OF ATOMS 

105. So far, the only compounds which have been discussed are those which 
can be derived from alkanes or alkenes by replacing one hydrogen atom 
therein by a monovalent atom or a monovalent group of atoms, such as 
halogen, hydroxyl, carboxyl, etc. (27). Compounds will now be discussed, 
in which two or more of these characteristic atoms or atomic groupings 
occur. Polyvalent compounds are also met with, for, in a substance CH 2 X 2 , 
CPI 2 may be considered as a bivalent radical. 

(f) IIALOGENO-DERIVATIVES OF ALKANES 

106. A mixture of CH 3 C 1 , CH 2 C 1 2 , CHC 1 3 and CC 1 4 (17) is produced by the 
action of chlorine on methane. The ratio in which these various compounds 
are formed depends on the proportion of the reagents. The reaction takes 
place at ordinary temperature in the light and at about 400° in the dark. 
A similar mixture of substitution products is produced by the action of 
bromine on methane. The action of fluorine on methane is very violent 
and tetrafluoromethane is formed, on the other hand, iodine does not react 

with alkanes. 

By the action of chlorine or bromine on homologues of methane, in 
general there are produced along with mono-substitution products (of 
which different isomers may be formed from propane and the higher homo¬ 
logues) also compounds of the types C n H 2n X 2 , C n H 2n _ I X 3 , etc. Isomers 
are possible with compounds containing more than one halogen atom 
because the latter may occupy various positions in the molecule. Ihe 
halogeno-derivatives of the hydrocarbons are usually prepared by other 
means because direct chlorination or bromination of alkanes leads to a 
complex mixture of compounds. 

The monohalogeno-alkanes or alkyl halides have already been discussed 
(39). Some compounds with more than one halogen atom in the molecule 
wall now be dealt with. 

Halogeno-derivatives of methane. Compounds of the type CH 2 X 2 are 
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prepared by partial reduction of the trihalogeno-compounds CHX 3 . Thus 
dichloromethane, methene chloride or methyletie dichloride is Y 

the action of zinc and hydrochloric acid on an alcoholic solution of tnchloro- 

mc thane: 

CHX 3 + 2H-> CHjXj + HX. 

Diiodomethane, methene iodide can be prepared by the reduction of 
triiodomethane with hydriodic acid and phosphorus. Some physical constants 

are given in Table 30. 


TABLE 30 

SOME PHYSICAL CONSTANTS OF DIHALOGENOMETHANES 


Name 

Formula 

M.p. 

B.p. 

Density dp 

Dichloromethane 

Dibromomethane 

Diiodomethane 

CH 2 C 1 2 

CH 2 Br 2 

CHjIj 

96 . 5 ° 

— 52 . 7 ° 

6 .1° 

40 . 2 ° 

97 . 0 ° 

68 ° at 12 mm 

1.3348 

2.5099 

3.3345 


Trichloromethane, chloroform CHC 1 3 . This compound is obtained by warming 
ethanol with bleaching powder (chloride of lime). In this process the bleaching 
powder acts both as a chlorinating and as an oxidising agent, as a result of 
w hich trichloroacctaldehyde CCl 3 CHO is first produced (see 128), a substance, 
which is split up into formic acid (as calcium salt) and chloroform by bases 
(in this case by the lime present in the bleaching powder): 

2CCI3CHO + Ca(OH ),—> 2HCCI, + Ca(OOCH),. 

Chloroform was discovered in this way in 1831 by Liebig and by Sou- 
heir an. It is also prepared from acetone and bleaching powder; in this 
case trichloroacetone is produced as an intermediate and is decomposed 
by lime into chloroform and calcium acetate: 

2CIjCCOCHj 4- Ca(OH),—► Ca(OOCCH 3 ), + 2CHC1 3 . 

Chloroform boils at 61.2°, freezes at —63.5°, has a sweet smell and a specific 

gravity of 1.4891 at 20°. It is a colourless liquid, which is very slightly 
soluble in water. By the action of sodium ethylate on chloroform, triethoxy- 
methane or ethyl orthoformate is formed: 

CHCI, + 3NaOC jH 6 —► CH(OC,H,)j + 3NaCl. 

Chloroform is also decomposed by warming with alkalis with the formation 
of an alkali formate: 


CHCI, + 4 NaOH —> 3NaCl + HCOONa + aHjO. 
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Dumas, who discovered this reaction, considered triehloromethane as a 
derivative of formic acid and called it therefore chloroform. When chloroform 
is warmed with alcoholic ammonia and potassium hydroxide, potassium 
cyanide is formed: 

CHClj + NHj + 4KOH —>- KCN + 3KCI + 4ILO. 

The analogous formation of carbylamines from chloroform, alcoholic alkali 
and primary amines has already been mentioned in 56. 

In 1847 Simpson found that the inhalation of chloroform vapour produced 
unconsciousness, after which chloroform came into use as an anaesthetic 
in surgical operations. 

Chloroform is oxidised by air under the influence of sunlight with the production 
of hydrogen chloride and carbon oxychloride or phosgene (COCl 2 ): 

CHCI3 + O —> COC 1 * + HC 1 . 

Phosgene is a very powerful respiratory poison. Hence 1 % of ethanol is added to 
chloroform for medicinal uses to retard the decomposition mentioned above, while 
at the same time, carbon oxychloride is converted by ethanol into diethyl carbonate, 
which is non-poisonous. 

107. Tribromomethane, bromoform (b.p. 149.2°, freezing point 8.3°, spec, 
grav. 2.9035 at 15 0 ) is produced by the action of potassium hypobromite 
on acetone. Bromoform is used in medicine. 

Triiodomethane, iodoform CHI 3 . This substance can be prepared by treating 
ethanol with potash (or potassium hydroxide) and iodine. The intermediate 
product, CI3CHO, which would be expected on analogy with the preparation 
of chloroform, cannot be isolated. The equation 

CHjCHjOH + 4I3 + 6KOH —> CHI 3 + HCOOK+ 5KI + 5 H 2 0 

represents the total course of the reaction. 

In the technical preparation of iodoform a solution of soda and potassium 
iodide in dilute alcohol or acetone is subjected to electrolysis; iodine is 
produced at the anode and reacts with the alcohol or acetone in the 
alkaline liquid with the formation of iodoform. 

Iodoform crystallises in yellow hexagonal platelets, which show dichroism 
(yellow and green); it is volatile, has a characteristic saffron-like odour and 
melts at 119 0 ; it is very slightly soluble in water. On account of these 
characteristic properties the formation of iodoform is a test for ethanol 
(see 32), but it must be remembered, however, that acetaldehyde, acetone 
and propanol-2 also give the same reaction. In general, compounds in which 
a methyl group is attached to a —CH 2 OH, >CHOH, —CHO or >C—O 
group, react with alkaline iodine solution with the formation of iodoform. 
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The iodoform reaction is much more sensitive for acetone and acetaldehyde 


than for ethanol. T . 

Iodoform is used as an antiseptic in the treatment of wounds. Itself, 

it has practically no bactericidal action, but iodine is liberated from it by 

the secretions in the wound and this accounts for its antiseptic action. 

Tetrachloromethane or carbon tetrachloride CC 1 4 , can be obtained by the 

total chlorination of methane. This substance is prepared commercially 

by heating together carbon disulphide and sulphur chloride in presence of 

iron chloride as a catalyst: 


cs 2 + 2S 8 C1 2 



CC 1 4 + 6 S. 


Carbon tetrachloride is produced in very small quantities by the action 
of chlorine on pure, “amorphous" carbon at 400-500°; thus this represents 
a synthesis from the elements. Tetrachloromethane is a colourless liquid, 
boiling at 76.7°, melting at —22.9 0 and having a specific gravity of 1-5940 
at 20° Carbon tetrachloride is an excellent solvent for oils, fats, waxes and 
resins; it is used commercially for this purpose and has the advantage over 

petrol in being noninflammable. 



Tctrabromomethane, CBr 4 , can be obtained from carbon disulphide and bromine; 
melts at 91.0 0 and l>oils at 102° at a pressure of 50 mm. 

Tetraiodomclhanc. CI 4 , is unstable; it decomposes on warming with the separation 


By the action of antimony trifluoride (SbF 3 ) on carbon tetrachloride one or more 
of the chlorine atoms can be replaced by fluorine atoms (Swarts), by which method 
carbon tetrahalides such as CC 1 3 F, CCl,F t of CC 1 F 3 are produced. The halogen atoms 
in these compounds are very unreactive; CC 1 2 F 2 (b.p. —29.8°) is used in refrigerators 

(Midgley). 


108. Halogeno-derivatives of the homologttes of methane. Halogenoalkanes 
in which two halogen atoms are combined on adjacent carbon atoms, are 
most readily available. These compounds are prepared by addition of 

halogen to alkenes. 

1,2-Dichloroclhanc, ClCH i CH # Cl, is obtained by the action of chlorine on ethene; 
it is a colourless liquid, b.p. 83.5°, spec. grav. 1.2600 at 15 0 . 

Dichloro- or dibromo-alkanes in which the two halogen atoms are attached 
to the same carbon atom, can be prepared by the action of PC 1 5 or PBr 5 
on aldehydes or ketones. 

1 t i-Dichloroethanc can also l>e obtained by additon of two molecules of hydrogen 
chloride to cthyne. This reaction takes place in two stages; when a mixture of ethyne 
and gaseous hydrogen chloride is passed over finely divided mercuric chloride as a 
catalyst at ordinary temperatures, practically all the cthyne is converted into vinyl 
chloride, H # C=--CHC 1 , even it an excess of hydrogen chloride is present. The reaction 
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represented below takes place at ioo° in presence of a zinc chloride catalyst (Wib alt 
and Van Dalfsen) : 


HjC=CHCl + HC 1 —HjCCHCl,. 

1,3-Dibrotnopropane, a substance which has been used in various syntheses, is 
prepared by the action of anhydrous hydrogen bromide on allyl bromide in sunlight: 

C H a — CHCH.Br + HBr —> BrC H 2 C H 2 C H_.Br. 

When this reaction is carried out in the dark, along with 1,3-dibromopropanc there 
is also produced 1,2-dibromopropane, which is identical with the product obtained 
by the addition of bromine to propene; the structures of both dibromopropanes can 
be deduced from these reactions. 

Tetralialogenoalkanes in which two halogen atoms are attached to each of two 
adjacent carbon atoms, are obtained by the addition of halogen to alkynes. 

1.1.2.2- Tetrachloroethane , b.p. 146.2 0 , is prepared commercially by passing chlorine 
and acetylene into antimony pentachloride, which acts catalytically. The tetrachloro- 
ethanc so obtained serves as a solvent in this reaction. Trichloroelhene, CC1 8 =CHC1, 
b.p. 88°, is obtained by heating tetrachloroetlianc with lime and water. Trichloro- 
ethene is poisonous. 

1. 2 - DichloYoethene (b.p.of the os-form 47.7 0 ; of the trans-iorm Co.5 0 , compare 126) is 
prepared by treating tetrachloroethane with zinc dust and water. All these compounds 
are good, noninflammable solvents for sulphur, oils and fats. They are used for the 
extraction of oils and in the vulcanisation of rubber. 

Hcxachloroethane, C 2 C 1 6 , sublimes at 186 0 and melts at 187°. This substance is 
produced amongst others by the interaction of carbon and chlorine by maintaining 
an electric arc between carbon electrodes in a vessel filled with chlorine. 

According to recent investigations, aliphatic hydrocarbons can be completely 
fluorinated by heating with cobalt trifluoride, which is converted into cobalt difluoride 
in the process; the latter substance is again converted into cobalt trifluoride by the 
action of gaseous fluorine. In this way, a large number of fluoro-hydrocarbons of the 
type C n l 7 2n+2 containing 2 to 16 carbon atoms have been prepared. It is remarkable 
that these compounds are very stable and very unreactivc in a chemical sense. The 
boiling points of these compounds do not differ appreciably from those of the corres¬ 
ponding hydrocarbons. 

(fj) COMPOUNDS WITH TWO OR MORE ALCOHOL GROUPS 

(POLYHYDRIC ALCOHOLS) 

109. Compounds of the type C n H 2n (OH) 2 , can be obtained by replacing 
both halogen atoms in dihalogenoalkanes by hydroxyl groups. Experience 
has shown that this reaction leads to the desired compounds only when 
the halogen atoms are attached to different carbon atoms, as for example, 
in CH 2 XCH 2 X or CH 2 XCH 2 CH 2 X. If however, a dihalogeno-compound of 
the type RCHX 2 is submitted to a reaction by which the halogen atoms 
would be replaced by hydroxyl, instead of the compound RCH(OH) 2 there 
is produced a substance containing one molecule of water less, namely, an 
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alkanal RCHO. Thus by the action of silver acetate on RCHX 2 a compound 
RCH(OOCCH 3 ) 2 , is obtained, which may be regarded as the acetate of 
he hypothetical compound RCH(OH), When an attempt .s made to split 
lids acetate hydrolytically, the aldehyde RCHO and not the compound 

K< Etl ( °r” ) cf 1 the type RCH(OC 2 H 5 ) 2 on the other hand are stable; they 
are the acetals (see 60). When a trihalogeno-compoundl of the type RCX 3 
is treated with sodium alcoholate, a compound R— C(OC 2 H E ) 3 , an orlho- 
csler, (io6) is produced. This compound on hydrolysis does.not give the com- 
pounclRC(OH) 3 but the corresponding carboxylic acid RCOOH, with the 

^Jn general, compounds in which more than one hydroxyl group is attached 

to the same carbon atom, are not stable. 

Later on we shall learn of some kinds of compounds with two hydroxyl 

groups attached to one carbon atom, which are stable (see lz8 )- 

On the other hand, many polyhydric alcohols are known m which the 
hydroxyl groups are attached to different carbon atoms. The more important 

will be discussed below. 


(a) Alkanediols, glycols (dihydric alcohols) 

no. These compounds are produced in precisely the same way as the rnono- 
hydric alcohols, from the corresponding halogeno-compounds. A. Wurtz 
tried in 1859 to prepare dihydric alcohols similar to the already known 
trihydric alcohol glycerol. He succeeded by boiling dibromoalkanes (obtained 
by addition of bromine to alkenes) with silver acetate and hydrolysing the 

resultant esters. . .. 

This method of preparation is still used, but potassium acetate is usually 

employed instead of silver acetate. 


R C H Br 

+ 2KOCCH3 
K'ClIBr || 

o 


RCHOCCH, 

I I' 

O 

R'CHOCCH, 


hydrolysis RCHOH 

->- | 

RCHOH 


O 


The replacement of the halogen atoms in the halogeno-compounds by 
hydroxyl groups may occur in some cases by boiling with a solution of 

soda or with lead oxide and water. 

Glycols of the type RCHOHCHOHR, may be prepared also by careful 

oxidation of alkenes in aqueous solution. 

Alkanediols with branched carbon chains and two hydroxyl groups on adjacent 
carbon atoms may be prepared along with secondary monohydric alcohols by reducing 
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ketones. This may be so represented that each molecule of ketone takes up only one 
atom of hydrogen and the unsaturated residues (free radicals) so obtained then combine : 

CHjCOCH, CH,C(OH)CH, CH 3 C(OH)CH 3 

CHjCOCH, CH,C(OH)CHj CH 3 C(OH)CH 3 

2,3-dimethylbutane-2,3-diol. 

This reaction occurs, along with the formation of propanol-2, if the reduction of 
the ketone is carried out with sodium amalgam in aqueous solution or electrolytic 
ally at a lead cathode. 

The formation of propanol-2 is prevented in the following method of preparation 
(Holleman). A solution of mercuric chloride in anhydrous acetone is treated with 
magnesium ribbon, when the resultant magnesium amalgam reacts with the acetone 
with the formation of a magnesium compound: 

2 CHjCOCHj -f Mg -*■ (C H 3 ) 2 C-C(CH 3 ),. 

OMgO 

This compound is decomposed by water into magnesium oxide and (CH 3 ) 2 COHCOH- 
(CH 3 ) 2 . The 2,3-dimethylbutane-2,3-diol so obtained, crystallises with 6 molecules of 
water of crystallisation in large, plate-like crystals; hence this dihydric alcohol is 
called pinacol (7nva£ == table). 

Pinacol undergoes a remarkable transformation on distillation with dilute sulphuric 
acid, water being split off and a ketone produced. It may be imagined that a hydroxyl 
group and a methyl group change places before a molecule of water is split off thus: 


OH 

(CH,) 2 C(OH)C-CH 3 — (CHjIjCC 

n ch 3 


OH 

0H-H 2 0 -(CH 3 ) 3 CCOCH 3 
Ch 3 3,3-dimcthylbutanone 

pinacolonc. 


The 3,3-dimethylbutanone formed in this way, was previously called pinacoline; 
the name pinacolone is to be preferred however. This reaction is referred to as the 
pinacoline or better as the pinacolone transformation. The structure of pinacolone 
follows, for example, from its synthesis from the chloride of trimethylacetic acid 
(1,1-dimethylethane-i-carbonyl chloride), (CH 3 ) 3 CCOCl, and dimethylzinc: 

/CH 3 

(CHj)j CCOC1 + Zn(C H 3 ) 2 -*(CH 3 ) 3 CC—OZnCH 3 , 

\C1 

the addition product being decomposed with water: 

/CH S 

(CHj)jCC- OZnCH 3 + H a O —>■ (CH 3 ) 3 CCOCH 3 + ZnO + CH. + HC1. 

\C 1 


Homologues of pinacol also may undergo a pinacolone transformation (Montagne; 
Tiffeneau). Thus two isomeric ketones: 


CjH 6 \ /CH 3 

CH,— C—COCH3 (1) and C s H 6 COC — C S H S (2) 
C t H 6 ^ \CH, 


C 2 H 6 \ 


ch 3 


/Ch 3 

—c 

|\c 2 h 6 

OH OH 


may be produced from 
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alkanal RCHO. Thus by the action of silver acetate on RCHX a compound 
K(TKOOCCH,)-.. is obtained, which may be regarded as the acetate of 
He hypothetical compound RCH(OH), 2 . When an attempt is made to split 
this acetate hydrolytically, the aldehyde RCHO and not the compound 

RCH(OH),, is obtained. . , . 

Ft hers if the type RC.H(OC 2 H 5 ) 2 on the other hand are stable they 

are the acetals (sec 60). When a trihalogeno-compound of the type RCX 3 

is treated with sodium alcoholate, a compound R—C(OC 2 H 6 ) 3 , an ortho- 

ester (1061 is produced. This compound on hydrolysis does not give the com- 

pounclRC(OH) 2 but the corresponding carboxylic acid RCOOH, with the 

removal of water. . . , 

ln general, compounds in which more than one hydroxyl group is attached 

to the same carbon atom, arc not stable. 

hater on we shall learn of some kinds of compounds with two hydroxyl 

groups attached to one carbon atom, which are stable (see 128) 

On the other hand, many polyhydric alcohols are known m which the 
hydroxyl groups are attached to different carbon atoms. The more important 

will be discussed below. 


(a) Alkanediols, glycols (dihydric alcohols) 

no. These compounds are produced in precisely the same way as the mono- 
hyclric alcohols, from the corresponding halogeno-compounds. A. Wurtz 
tried in 1859 to prepare dihydric alcohols similar to the already known 
trihydric alcohol glycerol. He succeeded by boiling dibromoalkanes (obtained 
by addition of bromine to alkenes) with silver acetate and hydrolysing the 

resultant esters. . 

This method of preparation is still used, but potassium acetate is usually 

employed instead of silver acetate: 

RC hoc c h 3 

|| hydrolysis RCHOH 

O -—► I 

HOC C Hj RCHOH 

II 

O 

The replacement of the halogen atoms in the halogeno-compounds by 
hydroxyl groups may occur in some cases by boiling with a solution of 

soda or with lead oxide and water. 

Glycols of the type RCHOHCHOHR, may be prepared also by careful 

oxidation of alkenes in aqueous solution. 

Alkanediols with branched carbon chains and two hydroxyl groups on adjacent 
carbon atoms may be prepared along with secondary monohydric alcohols by reducing 


RC HI3r 


+2KOCCH3 


R'CHBr 


R'C 


O 
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ketones. This may be so represented that each molecule of ketone takes up only one 
atom of hydrogen and the unsaturated residues (free radicals) so obtained then combine : 

CHjCOCH, CHjC(OH)CH 3 CH 3 C(OH)CH 3 

CHjCOCHj CH 3 C(OH)CH 3 CH 3 C(OH)CH 3 

2,3-dimethyl butane-2,3-diol. 

This reaction occurs, along with the formation of propanol-2, if the reduction of 
the ketone is carried out with sodium amalgam in aqueous solution or electrolytic 
ally at a lead cathode. 

The formation of propanol-2 is prevented in the following method of preparation 
(Holleman). A solution of mercuric chloride in anhydrous acetone is treated with 
magnesium ribbon, when the resultant magnesium amalgam reacts with the acetone 
with the formation of a magnesium compound : 

2 CHjCOCHj -f Mg-.(CH,) 2 C-C(CH 3 ) 2 . 

OMgO 

This compound is decomposed by water into magnesium oxide and (CTI 3 ) 2 COHCOH- 
(CH 3 ) 2 . The 2,3-dimethylbutane-2,3-diol so obtained, crystallises with 6 molecules of 
water of crystallisation in large, plate-like crystals; hence this dihydric alcohol is 
called pinacol (7uva^ = table). 

Pinacol undergoes a remarkable transformation on distillation with dilute sulphuric 
acid, water being split off and a ketone produced. It may be imagined that a hydroxyl 
group and a methyl group change places before a molecule of water is split off thus: 

OH OH 

(CH 3 ) 2 C(OH)C — CHj-(CH 3 )jCC-OH— H ,0 - (CH 3 1 3 CCOCHj 

q j-j ^CH 3,3-dimcthylbutanone 

3 3 pinacolone. 


The 3.3-dimethylbutanone formed in this way, was previously called pinacohne] 
the name pinacolone is to be preferred however. This reaction is referred to as the 
pinacoline or better as the pinacolone transformation. The structure of pinacolone 
follow’s, for example, from its synthesis from the chloride of trimethylacetic acid 
(1,1-dimethylethane-i-carbonyl chloride), (CH 3 ) 3 CCOCl, and dimethylzinc; 

/CH 3 

(CHjIj CCOC 1 + Zn(CHj), -* (C H 3 ) 3 C C—OZnCH 3 , 

\C1 


the addition product being decomposed with water: 

/CH, 

(CHj)jCC-OZ nCH 3 + H z O —> (CH 3 ) 3 CCOCH 3 + ZnO + CH* + HC 1 . 
\C1 


Homologues of pinacol also may undergo a pinacolone transformation (Montagne; 
Tiffeneau). Thus two isomeric ketones: 


C 2 H 5 \ /CH, 

CH3-C-COCH3 (1) and CjHjCOC-C 2 H S (2) 

c 2 h 5 ^ \ch, 


C 2 H s \ 

CH,/ 


/CH, 

c—c 

I l^c 2 H 
OH OH 



may be produced from 



178 compounds with two or more functional groups ch. 8 

In this case it appears that ketone (i) is the main product, from which it may be 
concluded that in this transformation the ethyl group is more easily displaced than 

the methyl group. 

The alkancdiols or glycols are usually colourless, viscous liquids with a 
sweet taste (hence their name). The lower members of the series are miscible 
with water and ethanol in all proportions but sparingly soluble in ether. 
The boiling points and specific gravities are higher than those of the mono- 
hydric alcohols with the same number of carbon atoms. 

TABLE 31 

BOILING POINTS AND SPECIFIC GRAVITIES OF SOME ALKANEDIOLS _ 

I Formula Boiling point Specific gravity 


Name 

Ethane-1,2-diol 
Propane-1,3-d iol 
Propane-1,2-diol 
Butane-1,2-diol 
Butane-1,3-diol 
Butane-1,4-diol 
Butanc-2,3-diol 


Formula | 

Boiling point 

CH,OHCH 2 OH 

197.37° 

ch‘ohch 2 ch 2 oh 

214° 

ch 2 ohch 2 ohch 3 

189° 

ch 2 oiichohch 2 ch 3 

194° 

ch 2 ohch 2 chohch 3 

207° 

ch 2 ohch 2 ch 2 ch 2 oh 

230° 

ch 3 chohchohch 3 

I 

180° 


1.1297 at 0° 
1.0526 at 18° 
1.051 at 0° 
1.0189 at 0° 
1.0259 at 0° 
1.020 at 20° 
1.048 at 0° 


hi. As with monohydric alcohols the hydroxyl groups in the diols can 
be estcrified and converted into alkoxy-groups. -CH 2 OH groups in diols can 
be oxidised to aldehyde or acid groups. Compounds such as CH 2 OHCH 2 Cl, 
2-chloroethanol, CH 2 OC 2 H 6 CH 2 OH, 2-ethoxyethanol, CH 2 OC 2 H 6 CH 2 OC 2 H 6 , 
i,2-diethoxycthane, are known, for example. 

Glycols in which the hydroxyl groups are situated on adjacent carbon atoms can 
lx- dehydrogenated by lead tetra-acctate with the rupture of the carbon chain and 
the production of aldehydes or ketones (Criegee) 

R.CHOH /B 

’ | -t- l'b(OCOCH,) 4 —> l'l»|OCOCH,), + 2 CH 3 COOH + R 4 C = 0 + R,C=0. 

r 2 c non 

On account of the presence of two hydroxyl groups in the molecule the 
diols can form internal anhydrides. From the first member, ethylene glycol, 
ethane- j, 2-diol, CH 2 OHCH 2 OH, the internal anhydride cannot be obtained 
by splitting off water directly. A compound C 2 H 4 0 is formed, however, 
by splitting off hydrogen chloride from 2-chloroethanol: 


CH.Cl 

| — HC1 

C H,OH 


C ethylene or etlicne oxide 

I o 

CH,/ cpoxyethanc. 


The above structure is given to ethylene or ethene oxide or epoxyethane, since 
1.2-dichloroethane is produced by the action of phosphorus pentachloride. 



TRIHYDRIC ALCOHOLS 


179 


§ 110—112 

the ox)-gen atom being replaced by two chlorine atoms. With the alter¬ 
native structure, which could be imagined from the method of formation 
but which is less probable, namely, CH 2 =CHOH, the action of phosphorus 
pentachloride should lead to vinyl chloride. 

Ethene oxide (b.p. 12.5 0 ) is converted into glycol by warming with water, 
while 2-chloroethanol is produced by the action of hydrogen chloride. When 
ethene oxide is passed over aluminium oxide at 200 3 it is changed into 
acetaldehyde with which it is isomeric. 

Some homologues of glycol in which the hydroxyl groups are separated 
from each other by 4 or 5 carbon atoms, give anhydrides to which a similar 
structure to that of ethene oxide is ascribed. 

In these homologues of ethene oxide the power of adding water is consider¬ 
ably diminished, that is, these cyclic bonds between carbon atoms and 
oxygen atoms are not so easily broken as in ethene oxide. 

Glycol is prepared commercially by allowing ethene to add on hypochlorous acid 
and subjecting the resultant 2-chloroethanol to hydrolysis whereby the chlorine 
atom is replaced by a hydroxyl group. Glycol and especially its ethers and esters 
are used as solvents in chemical industry. 

On distilling glycol with 4 % sulphuric acid there is produced along with other 
products, 1,4-dioxan, a cyclic ether of glycol (I): 

/CH 2 -CH 2 \ 

o o. 

\CH 2 -CH 2 / 

I 

Dioxan boils at ioi° and melts at n°. It is miscible in all proportions with water 
and most organic solvents. Dioxan is an excellent solvent for many organic compounds, 
including esters and ethers of cellulose; it is very poisonous. 

(b) Trihydric alcohols 

112. The most important representative of this group is propane-i,2,3-triol, 
C 3 H 5 (OH) 3 or glycerol, which occurs naturally in fats as esters of higher 
fatty acids (see 114), as a constituent of phosphatides (119) and in very 
small quantities in blood. It is prepared commercially by saponifying fats. 

The structure of glycerol, CH 2 OHCHOHCH 2 OH, is deduced as follows; 
by careful oxidation of C 3 H 8 0 3 there is produced a mono-basic acid, C 3 H 6 0 4 , 
glyceric acid. Hence a—CH 2 OH group must be present in the glycerol molecule. 
By oxidising glyceric acid there is produced a di-basic acid, tartronic acid, 
C 3 H 4 O s . Therefore a —CH 2 OH group must be present in the molecule of glyceric 
acid, so that two —CH 2 OH groups must occur in the glycerol molecule. 

It can be proved by synthesis that the structure of tartronic acid is 
represented by COOHCHOHCOOH; therefore the group —CHOH must also 
be present in glycerol, which establishes the structure of this trihydric alcohol. 
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This structure is confirmed by various syntheses. 

Glycerol is produced from allyl alcohol by careful oxidation with alkaline 
permanganate: 

CH s = CHCH 2 OH + HjO + o— > CHjOHCHOHCH t OH. 

\ synthesis of glycerol from the elements was described by Friedel and Da Silva 
in 873. They started from acetic acid, which can be prepared from the elements 
in various ways. From this they prepared propanone. which was converted into 
propene via propanol-2, i .2-Dichloropropane was obtained from propene and was 
converted into 1 ,2.3-trichloropropanc by treatment with iodine chloride.^Glycerol 
was formed when the trichloro-compound was heated with water at 170 . 

cm, coon —> cn J cocn s -» ch,chohch 3 —>CH a CH--C h s ->ch 3 chcich 2 ci—>- 

ClI.ClCHCCHjCl —> CHjOHCHOHCHjOH. 


At the present time glycerol is prepared on a large scale from allyl chloride, which 
is obtained by chlorinating propene (81). 

Glycerol was observed as a fission product of olive oil by Scheele as 
early as 1779. The chemical properties of this alcohol were investigated 

mainly by Pelouse, Berthelot and Wurtz. 

Glycerol is a colourless, syrupy liquid with a sweet taste; it boils at 290 . 
Pure glycerol crystallises on long continued cooling; it melts at 17 0 . Glycerol 
is very hygroscopic and is miscible in all proportions with water and ethanol 

but it is sparingly soluble in ether. 

Three kinds of esters may be derived from glycerol according to whether 
one, two or three hydroxyl groups are esterified. Two isomeric forms are 
possible for the mono-esters and are known in a number of cases: 

CHjOH 

. CHOOCR 
and 

C H,OH 
p-cstcr. 

Di-esters with the same acid residues may also exist in two isomeric forms 


CH.OOCR 

I 

C HO H 

I 

CH*OH 

a-cstcr 


CH t OOCR CHjOOCR 

CHOH and CHOOCR 

CHjOOCR CHjOH 

while with dissimilar acid residues three isomers are possible. 

The method of preparation of propenal mentioned in (97) by splitting 
off a molecule of water from glycerol, may be formulated as follows: 

C HjjOH C Hlo UCH H OIi -*• CH,=C=CHOH. 
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This hypothetical unsaturated alcohol with OH attached to a doubly bound 
carbon atom undergoes an isomeric change to produce its isomer propenal, 
CH 2 =CHCHO. 

The hydrogen atoms of the hydroxyl groups in glycerol are more easily 
replaceable by metals than those in monohydric alcohols. When a solution 
of copper sulphate is added to glycerol and this is then followed by excess 
sodium hydroxide solution, no precipitate of copper hydroxide is produced. 
The solution assumes a deep blue colour and contains sodium cupngly cerate. 
This substance may be isolated in a solid state and has the composition 
(C 3 H 5 0 3 CuN a) 2 3H 2 0. 

Calcium and lead glycerates are produced by boiling glycerol with calcium 
and lead oxides respectively. These compounds C 3 H 6 0 3 Ca and C 3 H 6 0 3 Pb 
are decomposed by boiling with water into glycerol and metal hydroxide. 

Glycerol is used for very many technical purposes and also in medicine. 
On account of its sweet taste and its preserving properties it is added to 
foodstuffs and luxury products. It is used in the preparation of pharmaceut¬ 
ical and cosmetic preparations, in the manufacture of inks and in the 
finishing of textile goods. 

Large quantities of glycerol are used for the preparation of glycerol trini¬ 
trate (Sobrero, 1844): CH 2 0 N 0 2 CH 0 N 0 2 CH 2 0 N 0 2 , the explosive known 
as nitroglycerine, an incorrect name, since this compound is an ester 
derived from glycerol and nitric acid; it is split up into glycerol and 
alkali nitrate by the action of alkalis. Nitroglycerine is obtained by treating 
glycerol with a mixture of nitric acid and sulphuric acid with cooling; 
the nitroglycerine separates as a heavy liquid when the reaction mixture 
is poured into water. It has a specific gravity of 1.6 and occurs in two 
modifications in the solid state; the metastable form melts at 2.2° and 
the stable form at 13.3 0 . 

Nitroglycerine can be made to explode very violently by a blow or shock, when 
it decomposes according to the equation: 

4 C 3 H 5 (ONO ,) 3 —> I 2 C 0 2 + ioH 3 0 + 6N 2 + 0 2 . 


Since nitroglycerine is a liquid, it is not used as such as an explosive. When it 
is absorbed in infusorial earth, dynamite (A. Nobel, 1866), which contains about 
75 % of nitroglycerine, is obtained. Dynamite is exploded by using a small quantity 
of an “initiator” or “detonator” such as mercury fulminate ( 157 ) or lead azide. On 
account of its very high explosion rate dynamite is not used as a filling for cartridges; 
it has a “high explosive” action. Other explosives consisting mainly of nitroglycerine 
are obtained by dissolving about 7 % of nitrocellulose (190) in the liquid. In this 
way there is produced a solid colloidal mass, blasting gelatine ; when exploded this 
substance leaves no solid residue. 



IS 2 COMPOUNDS WITH TWO OR MORE FUNCTIONAL GROUPS CH. 8 

(c) fetrahydric and higher polyhydnc alcohols 

113. A tctrahydric alcohol, bHtane-i,2. 3 , 4 -ielraol or erythritol occurs in some 
W- esters of this alcohol are met with in lichens. On heating.erythritol 
„fth hydriodic acid. 2-iodobutane is produced, from which it may be 

concluded that erythritol has a normal carbon chain. 

ArabUol and xduol are tivo pentahydric alcohols; they are stereoisomers 
like the hexahydric alcohols dulcitol and mannitol. They have a normal 
carbon chain as is shown by heating with hydriodic acid when mono- 
iodoalkancs with normal chains are produced. Thus 3-iodohexane, 

CHXH,CHICHjCH 2 CHj, is produced from mannitol 

The stereochemical structure of these alcohols will be discussed in 164. 
Tt is sufficient to say now that asymmetric carbon atoms, indicated y 
an asterisk in the formulae below, occur in these alcohols: 


CHjOHCHOHCHOMCHjOH erythritol 

CHjOHCHOHCHOHCHOHCHjOH arabitol, xylitol 

C HjOHCHOHCHOHCHOHCHOHCHjOH dulcitol, mannitol. 

Pentahydric alcohols (pcntitols) and hexahydric alcohols (hexitols) can 
be obtained by reduction of the corresponding aldehydes or ketones [mono¬ 
saccharides (159)]; thus dulcitol is produced from galactose and mannitol 

from mannose and fructose. . , . , 

(/-Mannitol, melting at 166 0 , occurs in various plants; it is the chie 

constituent of manna, the dried up sap of the manna-ash (Fraxmns orniis). 

Dulcitol also occurs in the vegetable kingdom as do other stereoisomenc 

hexitols. such as iditol and sorbitol. These polyhydric alcohols are fairly 

readily soluble in water; like glycerol they readily form alcoholates with 

heavy metals. . . , 

Polyhydric alcohols show a characteristic behaviour towards bone acia. 

Boric acid is a very weak acid which shows a very small electrical conductivity 
in aqueous solution; however, when an equimolecular quantity of a poly¬ 
hydric alcohol is added to the solution, the conductivity increases consider¬ 
ably. The significance of this phenomenon for the determination of structure 
is discussed in a subsequent paragraph (168). 


(d) Fats 

114. The fats occurring in the vegetable and the animal kingdoms are 
mixtures of triglycerides. They are esters of glycerol with alkane carboxylic 
acids or with unsaturated acids, in which all the hydroxyl groups in the glyc¬ 
erol are usually esterified. Separation of the pure glycerides from fats is 
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difficult, since these esters differ but slightly in solubility and they cannot 
be distilled without decomposition except at very low pressures. 

Glyceryl i-olco-2-pahnito-^-stearate has been isolated from lard, glyceryl 
tristearate or tristearin from beef tallow and glyceryl oleo-palniito-butyrate 
occurs along with other esters in butter. 

A glyceride like glyceryl tristearate in which three similar acid radicals 
are combined, is called a single acid triglyceride ; if three different acid radicals 
are present in the molecule, the compound is called a triple acid triglyceride 
and if two acid radicals are identical and a third different, tlie compound 
is then termed a double acid triglyceride: 


0 


O 

II 


II 

c c 17 h 33 

CH,-o-C-C..H 

0 


O 

II 


II 

C C15H 3 1 

CH — O—C—C 17 H 

C—C.H, 

CH,—O—C—C 17 H 

II 


II 

0 


O 


35 

35 

35 


Glyceryl olco-palmito-butyrate 
or a-olcyl-p-palmityl-y-butyrylglycerol 


Glyceryl tristearate. 


Glyceryl tripalmitate or tripahnitin has also been found as a constituent 
of fats. Glyceryl trioleate or triolein is a constituent of olive oil. 

Usually it is not possible to isolate as such, all the individual triglycerides 
occurring in a natural fat, but these are determined by the qualitative and 
quantitative examination of the mixture of fatty acids produced on hydro¬ 
lysis. It is of course impossible to say what radicals are combined in the 
individual triglycerides. From melting point data obtained on vegetable 
oils and fats and pure triglycerides, the important conclusion has been 
reached that in vegetable organisms triple acid triglycerides are formed 
preferentially. 

The fatty acids obtained from animal or vegetable fats, be they saturated 
or unsaturated acids, all have an even number of carbon atoms. The fatty 
acids obtained from so called hard fats like beef and mutton tallow, are 
composed chiefly of stearic acid and palmitic acid. A large proportion of 
oleic acid is obtained on splitting liquid fats (oils), such as olive oil or almond 
oil, or soft fats like lard. 

Butter contains, besides 16 % of water, about 84 % of fat; all the saturated fatty 
acids with an even number of carbon atoms from C 4 (butyric acid) to C 20 (arachidic 
acid) and sometimes still higher to C 26 (cerotic acid) occur in its fatty acids to an 
extent of about 60 %. As regards unsaturated acids, the chief constituents are oleic 
acid and decenic acid together with a few others all of which have a double bond 
between the 9th and 10th carbon atoms. Butter fat is composed of triglycerides 
in which at least two different fatty acid radicals are usually present. When butter is 
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hydrolysed with aqueous caustic soda and the mixture acidified with sulphuric acid is 
distilled, about 2-3 % of butyric acid, caproic acid etc. passes over with the steam. 
These acids arc therefore denoted as volatile fatty acids ; the determination of the 
volatile fatty acid content is important in differentiating butter from margarine. 
Small quantities of volatile fatty acids are also produced in the hydrolysis of 

cocoa-butter. 


Arachidic acid (C 20 H 40 O 2 ) is produced by hydrolysing ground-nut or 
arachis oil ( arachis hypogaea) ; mynstic acid (C 14 H 28 0 2 ) is produced from 
the oil derived from nutmegs (mynstica), launc acid (C 12 H 24 0 2 ) from bay-oil 
and cocoanut oil, be/ienic acid (C 22 H 44 0 2 ) from rape oil and ground-nut oil. 

Linseed oil has the property of taking up oxygen from the atmosphere and 
being converted thereby into a solid, transparent mass (varnish), both 
oxidation and polymerisation of the linseed oil take place. Because of this 
property linseed oil is called a drying oil. Linolic acid and linolenic acid, 
produced by splitting linseed oil. have already been mentioned in ( 102 ). 
A glyceride of an unsaturated hydroxy-acid, ncinoleic acid, occurs in 
castor oil. 


Synthesis of triglycerides. It is important to prepare triglycerides of known consti¬ 
tution, synthetically in order to be able to compare them with triglycerides isolated 
from natural fats. Single acid triglycerides, c.g. glyceryl tristearate, tripalmitate, 
tributyrate, etc., are prepared by heating glycerol with three equivalents of fatty 
acid under reduced pressure until no more water is produced (Berthelot; Schev). 

Double acid triglycerides have been prepared by E. Fischer. In the presence of 
sodium sulphate glycerol reacts with acetone with the production of compound I, 
which may also be regarded as a ketone-acetal. When I is treated with, for example, 
lauryl chloride, II is produced, from which the acetone residue may be split off by 
the action of dilute hydrochloric acid at low temperatures with the formation of 
a-laurylglycerol III: 


C H 2 OU(a) 

I 

CHOH((S) + OC (C Hj)j 

I 

ClljOHly) 


CH 2 OH 
CH —O 


+ c u h 2 ,coci 


C(CH,) t 
CHj-O/ 

I 


C H f O—CO — C n Hjj 

I 

CH 0\ — 

| C(CH 3 ), 

CHjO/ 

II 


C HjO—C O—C U H„ 
CHOH 

I 

CHjOH 

III. 


By treating III with another acid chloride, c.g. palmityl chloride, a-lauryl-py-dipal- 
mityl-glycerol IV is obtained: 

C H,—O — C O—C n H 33 

C H —O—C O—C i3 H 31 

C H a — O—C O—C l6 H 31 
IV. 

In this way double acid triglycerides with identical acyl residues in the (J- and 
y-positions arc made available. 

Methods for the synthesis of triple acid glycerides have been discovered by Verkade. 
From the researches of Helferich it was known that polyhydric alcohols react with 
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triphenylchloromethane, (C 6 H 5 ) 3 CC 1 , (273), in pyridine solution, hydrogen chloride 
being split off with the production of a triphenylmethyl ether. In this reaction a 
primary alcohol grouping reacts more rapidily than a secondary grouping. Verkadh 
treated a-stearylglycerol (a-mono-stearin) V (obtained by F. Fischer’s method) 
with triphenylchloromethane, when compound YI was produced. This compound 
was now converted into compound VII (m.p. 37 s ) by means of palmityl chloride. 
When, however, he started from a-palmitylglycerol VIII, then in a similar way, via IX 
a compound X was obtained, which melted at 57 0 and was isomeric with VII. From 
this it follows, that by the action of triphenylchloromethane on the mono-glycerides 
V and VIII, the group (C 6 H 5 ) 3 C — enters in the y-position. 


CHj— O — CO—C 17 H 35 
| (C c H 5 ) 3 CC1 

CHOH -» 

I 

ch 2 oh 

V 


CHj- O — CO—C, v H 35 
1 c j 5 H 31 C OC1 

CHOH -*■ 

C H 2 OC (C 6 H 5 ) 3 
VI 


ch 2 -o-co-c i; ii 35 

CH—O—CO — C i6 H 31 

CH 2 OC(C 6 H 6 ) 3 

VII 


CHj— O — C O—C 15 H 31 

I 

CHOH 

ch 2 oh 

VIII 


C H 2 — O—C O—C jjHjj 

(C fl H 5 ) 3 CCl 1 C 17 H 36 COCl 

-► CHOH ->■ 

CH 2 OC(C»H 6 ) s 

IX 


CHj-0-C0-C 15 H 31 

CH-0-C0-Cj,H,j 

I 

C H 2 OC (C e H 5 ) 3 
X 


When compound VII is treated in light petroleum with hydrogen chloride, tri¬ 
phenylchloromethane separates; at the same time another reaction takes place by 
which the fatty acid radical attached to the ( 3 -position migrates to the Y-position, so 
that a-stearyl-y-palmityl-glycerol, XI, is produced: 


C H 2 — O — C O—C I7 H 35 
CH-O-CO —C 15 H 31 +HC1 
C H»OC (C a H 5 ) 3 


ch 2 -o-co-c 17 h 35 

CHOH + (C 6 H 6 ) 3 CC1. 

I 

CH 2 -0-C0-C 16 h 3 i 

XI 


That this reaction takes the course indicated, is apparent from the fact that 
a-stearyl-Py-dipalmityl-glycerol, which can also be prepared by the method of 
E. Fischer, is produced by the action of palmityl chloride on XI. Compound XI is 
converted by the action of myristyl chloride into a-stearyl-(3-myristyl-y-palmityl- 
glycerol, XII, which melts at 59.5-60°. In a similar way Verkade obtained a-stearyl- 
( 3 -palmityl-y-myristyl-glycerol (m.p. 58-59°). It is noteworthy that the melting points 
of these isomeric triglycerides differ so slightly: 

CHj- O—CO—C 17 H 36 CH 2 —O — C O — C 17 H 35 

CHOH + C 13 H 27 COCl —► CH-O-CO—C 13 H 27 

CHj-O-CO-CjjHj, C H 2 — O—C O—C 16 H 31 

XI XII. 

Fats form an important constituent of the food of man and animals ; during digestion 
the fats are split up into glycerol and fatty acids by the action of enzymes, called 
lipases, which are secreted by the pancreatic gland. The fats are built up afresh in 
the body from these fission products. 
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Part of the fatty acids are consumed in the body and so liberate energy. In this 
“combustion" it is assumed that carbon atom 2 is first oxidised; the (J-ketonic acid so 
produced easily loses carbon dioxide with the formation of a ketone, which is degraded 
further by subsequent oxidation (Kxoop). The reaction scheme for this ( 3 -oxidation 

is as follows: 

-> RCHOHCHjCOOH—> 

RCOCHj + CO z 
-> RCOOH + HCOOH. 

H-O CO. 


RCH.C H,C OOH 
RCOC H|COOH 
KCOCHj 


Thus each time, an acid is produced having two carbon atoms less than its precursor. 
Propanonc carboxylic acid or acetoacetic acid, CH 3 COCH a COOH (147) which is pro¬ 
duced in this degradation is oxidised further in the normal organism; in sufferers 
from diabetes, however, this compound is split up into acetone and carbon dioxide. 

From researches carried out by Verkade it appears that fatty acids can be broken 
down in the human body, in another way, so that a terminal methyl group is oxidised 
and acids of the type I IOOC(CH 2 ) n COOH are produced (<a-oxidation). 

115. Technical applications of fats. Fats serve as the starting material for very 
important industries such as the manufacture of soap, margarine and similar edible 

fat products, glycerol and tallow candles. 

for the preparation of margarine, solid fats of animal or vegetable origin are melted 
and mixed with the necessary quantity of soft fats or oils and the mixture churned 
with milk. The margarine is separated from the resultant emulsion by cooling. 

Tor the preparation of soap, fats (tallow, palm-oil, cocoanut oil), are split by heating 
with caustic soda or caustic potash ( soap boiling), by which the sodium or potassium 
salts of the fatty acids are produced along with glycerol. In order to prepare hard 
soaps (toilet soaps) common salt is added to the hot liquid (salting out), when the 
sodium salts of palmitic acid and stearic acid separate on the top of the liquid which 
contains the glycerol, because these salts arc insoluble in a concentrated solution 
of common salt. The soap obtained in this way is called grain soap, it consists of the 
sodium sa Its of the above mentioned acids together with a few per cent of water. 
Soaps are also prepared from palm kernel oil and cocoanut oil in which the sodium 
salts of the fatty acids are not separated from the water and the glycerol by salting, 
but the whole mass is allowed to set. Thus the soap obtained in this way (“filled soap ) 
contains also glycerol and water. The potassium salts of these fatty acids are soft; 
along with glycerol and water they form the constituents of the soft soaps, which are 
used extensively in the textile industries and in the household. 

A soap solution is to be regarded as a sol of a hydrophylic colloid, which shows 
surface activity. The characteristic of this is, that the molecules of the dissolved sub¬ 
stance are not completely equally divided throughout the solution in which they are 
situated, but accumulate in the surfaces and lower their surface tension (e.g. air-water, 
oil-water, textile-water). On account of this lowering of the surface tension the solution 
penetrates much more easily into capillary spaces than does pure water. Accumulation 
on the surfaces of substances such as textiles and dirt (clay, soot, fatty substances, etc.) 
is enhanced by a certain affinity of these surfaces for ionised soap molecules. This is 
called adsorption and the manner in which this adsorption takes place causes a 
repulsion between the textile material and foreign matter and dirt particles. By so 
doing the soap exerts a cleaning action on the textile material and a dispersing action 
on the contaminants in the suds. 
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Further, the state of the soap molecules in solution is important in connection with 
detergent action. According to researches by McBain, Hartley and others, there 
exists in the solution an equilibrium between ionised and undissociated soap molecules 
and conglomerates of molecules, which in their turn are partly ionised, the so called 
soap micelles. These soap micelles probably play a part in emulsifying liquid dirt like 
vegetable or mineral oil. 

When the sodium salts of the fatty acids with decreasing numbers of carbon atoms 
are mutually compared with regard to the properties mentioned above, it is seen that 
the latter gradually disappear but not all simultaneously. First of all the power of ad¬ 
sorption on solid surfaces is lost, then the power of forming micelles and finally the 
surfaceactive properties disappear. Parallel with this is observed the loss of detergent 
properties for solid substances, a similar loss for oil and a simultaneous loss of emul¬ 
sifying power and lowering of the surface tension. 

When fats are heated with water under pressure to about 1 70° with the addition 
of very small quantities of zinc oxide or lime, hydrolysis occurs under the influence 
of hydroxyl ions present, with the formation of glycerol and free fatty acids. Another 
method of fission depends on the fat-splitting action of an enzyme present in castor 
seed; the fat is ground up with shelled, oil-free seeds and emulsified with water. 
Hydrolysis takes place in a weakly acid medium at 30-.40 0 . 

Hydrolysis also takes place rapidly at ioo° when a mixture of fat and water is 
heated with a mixture of sulplionic acids obtained by sulphonating oleic acid and 
naphthalene (Twitchell’s method). 

In these methods glycerol and free fatty acids are obtained. The glycerol is purified 
by distillation. The mixture of fatty acids is soft at ordinary temperatures ; after pressing 
out the liquid oleic acid, a white, solid mass remains behind, which consists of stearic 
and palmitic acids and is used in the manufacture of tallow caudles. 

The soap and margarine industries consume large quantities of solid fats; solid fats 
of animal and vegetable origin are available, however, in smaller quantities than liquid 
and soft fats, which consist mainly of glycerides of oleic, linolic and linolenic acids. 
These unsaturated fats are converted into saturated fats, having higher melting 
points, by adding finely divided nickel to the oil and treating the well stirred mixture 
with hydrogen under pressure at about 180 0 , when the hydrogen adds on to the double 
bonds under the catalytic action of the nickel. This process of "fat hardening", discover¬ 
ed by Normann (1902), is of great technical importance. 

Fats may become rancid; this is caused by slow oxidation by atmospheric oxygen 
accelerated possibly by light. Heptanal, which gives rise to the rancid odour, can be 
produced from the carbon skeleton of oleic acid. Also hydrolysis by water with the 
production of free fatty acids can take place under the influence of micro-organisms 
or fat-splitting enzymes (205), e.g. the unpleasant smelling butryric acid is produced 
in butter. The free fatty acids are broken down oxidatively under the influence of 
micro-organisms with the production of ketones, e.g. methyl heptyl ketone from capric 
acid (( 3 -oxidation). 


(Hi) POLY-SUBSTITUTED COMPOUNDS CONTAINING HALOGEN ATOMS, 

HYDROXYL-, NITRO- OR AMINO-GROUPS 

116. Only a few of the numerous compounds which should be included in 
this chapter, will be discussed. 
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Halogeno-alcohols. 2-Chloroethanol. ClCH 2 CH. 2 OH, is prepared by the 
action of hydrogen chloride on glycol. This reaction can be carried out in 
such a way that only one hydroxyl group is replaced by chlorine. This 
alcohol is also prepared by the addition of hypochlorous acid to ethene (85). 
Chloroethanol is used in various syntheses. 


Tnbroniocthanol, CBr 3 CH 2 OH. has a powerful hypnotic action and is used for this 

purpose in medicine under the name of Avertin 

i.l-Dichloropropanol-2, CH 2 ClCHOHCH 2 Cl, is obtained by the action of hydrogen 
chloride dissolved in glacial acetic acid on glycerol. The dichloropropanol obtained in 
this way differs from the dichloropropanol, CH 2 OHCHClCH 2 Cl, produced by tie 
addition of chlorine to allyl alcohol; this fact establishes its structure. 

Niiro-compounds. Diyiitroalkanes with the two nitro-groups on the same 
carbon atom can be obtained by allowing potassium nitrite to react on 
primary bromonitro-compounds: 

CHjCHBrNO, 4- KNO ,—> CH 2 CH(N0 2 ) 2 H- KBr. 


The hydrogen atom which is attached to the carbon atom carrying the nitro- 
groups, is very easily replaceable by metals. These dinitro-compounds have 
acid properties. 

Tclraniironicthane, C(N 0 2 ) 4 , (m.p. 13 0 , b.p. 126°) is produced, for example, by the 
action of very concentrated nitric acid on acetic anhydride. It gives coloured addition 
compounds with many unsaturated hydrocarbons; therefore this substance is a 
sensitive reagent for the presence of alkenes in mixtures of hydrocarbons. 


117. Diamines. Diamines with two amino-groups on the same carbon atom 
are known only in the form of their derivatives. Diamines with amino-groups 
on different carbon atoms can be obtained, for example, by the action of 
ammonia on dihalogenoalkanes. 

i,4-Z)mwn!o6»/aff6,H 2 NCH 2 CH 2 CH 2 CH 2 NH 2 or/)ff^sci«eandi,5-f/fa;mno- 
pentane, H 2 N(CH 2 ) 5 NH 2 , or cadaverine are produced by the decomposition 
of proteins by micro-organisms, e.g. in putrifying meat. These substances, 
also called ptomaines, are very poisonous; other poisonous substances (toxins) 
of unknown chemical structure are also produced by the decomposition of 
proteins by bacteria. The structure of the diamines follows from their 
synthesis, that for 1,5-diaminopentane being carried out as follows. 1,3- 
Dibromopropane is converted into 1,3-propane dicarbonitrile by treatment 
with potassium cyanide. This substance is then reduced with sodium in 
boiling alcohol, whereby the —C^N-groups are converted into —CH a NH 2 - 
groups: 

Br(CH,) a Br —> N=C(CH,),C=N —> H,N(CH,),NH,. 



§ I 

On heating 1,5-diaminopentane hydrochloride a molecule of ammonium chloride is 
split off and piperidine (332) hydrochloride is produced. 

118. Aminoalcohols. 2-Aminoethanol-i or ethanolannne, CH a OHCH 2 NH 2 , can be 
obtained from ethene oxide and ammonia. It is a viscous liquid (b.p. 171 °) miscible 
in all proportions with water. Choline, a substance which is very widely distributed 
in the animal and vegetable kingdoms, is an important derivative of aminoethanol. 
The structure of choline follows from its synthesis from ethene oxide and trimethyl- 
amine in aqueous solution: 

CH,\ 

| ' O + N(CH,) 3 + H ,0 —>(H a C) a =N— ch,ch s oh. 

CH,/ I 

OH 

Choline is a very hygroscopic, basic substance, which forms well crystallised salts. 
An acetyl derivative of choline, acetylcholine , occurs in ergot and also in the animal 
organism (muscle). This substance causes a powerful lowering of the blood pressure and 
contraction of the muscles. 

On boiling choline with baryta water, a molecule of water is split off and ncurine, 
(CH,),N-CH=CHj. is produced. 

I 

OH 

When moist silveroxide is allowed to react with the addition product (CH 3 ) 9 NCH a CH 2 Br, 

Br 

from ethylene dibromide and trimethylamine, the bromine atom attached to nitrogen 
is replaced by —OH and at the same time HBr is split off from the —CH 2 CH 2 Br- 
group to produce a vinyl group. The compound so obtained is identical with ncurine. 
Neurine is a very poisonous substance, which is produced in putrifying flesh. 

119. Phosphatides. The phosphatides form a physiologically very important group 
of compounds spread throughout the animal and vegetable kingdoms. I he name of 
these compounds already indicates that they contain phosphorus. Of the phosphatides 
the lecithin group has been most completely investigated. The lecithins are very 
hygroscopic, waxy substances, soluble in alcohol, ether and chloroform. 1 hey form 
a constituent of nerve fibre especially in the brain, and of egg yolk, hence the name 
(XexlOoct = egg yolk). 

Lecithin can be isolated also from many vegetable seeds. 

On hydrolysis, lecithins are split up into two molecules of a fatty acid (palmitic 
acid, stearic acid or oleic acid), a molecule of phosphoric acid, a molecule of glycerol 
and a molecule of choline. On careful hydrolysis with baryta water, a phosphate ester 
of glycerol is produced along with choline and the fatty acids mentioned above. 1 bus 
lecithins are to be regarded as esters of glycerol in which two hydroxyl groups are 
estcrified with fatty acids and the third hydroxyl group with phosphoric acid. 

One of the other hydroxyl groups in the phosphoric acid is esterified with the amino- 
alcohol (choline), oc- and ( 3 -lecithins, derived respectively from a- and ( 3 -phosphate 
esters of glycerol, may be distinguished. The lecithins are represented by the following 
formulae: 


16-119 


aminoalcohols; phosphatides 


169 



TWO OR MORE FUNCTIONAL GROUPS CH. 8 


IQO COMPOUNDS WITH 

O 
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C H-»—O — C—C nlUn + l 


O 


C H—O—C—C in H •> ra + 1 


c H >—O—p —o—C HoC H 2 N(C H 3 )3 

\OH I 

OH 


a-lecithin. 


C H >—O—C—C n H2n +1 

! ^o 

c H—O—P — o—C H 2 C H 2 N(C H3>3 
I \OH | 

OH 

CH>—O—C—C m H> m +l 


(i-lecithin. 


O 


Lecithins occurring in nature arc mixtures in which (S-lecithins greatly predominate. 
Lecithins are optically active. The middle carbon atom in the glycerol residue is 
asymmetric in the x-lecithins; this carbon atom is again asymmetric in p-lecithins 
when the fatty acid radicals are dissimilar as is assumed in the above formulae. Leci¬ 
thins can give salts with both acids and bases as is shown by the structural formulae. 

Lecithins are prepared synthetically in the following way. Glycerol distearate, for 
example, is treated with phosphorus pentoxide, when an ester of metaphosphonc acid 
is produced along with the acid itself: 


(CH.OR)jCHOH + 0 2 P—O-l’O ,—> (CH s OR),CHOPO, + HP 0 3 . 

The metaphosphate ester is converted into the phosphate (CH 2 OR) 2 CHOPO(OH) 9 
on treating with water and lecithin is produced by treating this phosphate ester with 

aminocthanol. 

Another phosphatide, cephalin, «a constituent of the brain, is closely related to the 
lecithins. On hydrolysing cephalin, serine, HOCH 2 CH(NH 2 )COOH, (199) * s produced 
as wt II as phosphoric acid and fatty acids. Since ethanolamine is readily produced 
from serine by splitting off carbon dioxide, this amino-alcohol has also been detected 
amongst the fission products from cephalin. 


(tw) DICYANOGEN 

120. Dicyanogen, C 2 N 2 , is prepared by heating solutions of copper sulphate 
and potassium cyanide to produce cuprous cyanide and gaseous dicyanogen, 
since cupric cyanide, formed initially, is unstable: 

4KCN + 2C11SO4—>■ 2CuCN + (CN) a + I< a S 0 4 . 

This substance can also be obtained by heating mercuric cyanide, Hg(CN) 2 , 
(Gay Lussac, 1815) ; besides mercury and dicyanogen there is also produced 
a brown, amorphous polymer, paracyanogen (CN) X , which is split up into 
dicyanogen on heating to 900°. 

Dicyanogen is also formed by heating ammonium oxalate with a dehyd¬ 
rating agent (P 2 O e ) (122), when dissolved in concentrated sulphuric acid it is 
converted into oxamide by taking up two molecules of water. On the basis 
of these reactions dicyanogen must be considered as the carbonitrile 56 of 
oxalic acid; the structure is therefore N=C—C=N. Dicyanogen is a gas 
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with an irritating odour and is very poisonous; b.p. — 20.7', f.p. — 27.9'; 
critical temperature 128.3°, critical pressure 59.6 atmospheres. It is soluble 
in water; after standing for some time the solution deposits amorphous 
flocks of azulmic acid. When burnt the gas gives a reddish purple flame; 
at a red heat it is slowly decomposed into carbon and nitrogen. Dicyanogen 
is an endothermic compound; the heat of formation from the elements is 
—73 keal. 

Dicyanogen shows a similarity to the halogens as the following points indic¬ 
ate. Potassium takes fire in dicyanogen with the formation of potassium 
cyanide. When dicyanogen is passed into caustic potash solution, KCN 
and KCNO (55), are produced in the same way that KC 1 and KCIO are 
formed when chlorine is passed into caustic potash. Like silver chloride, 
silver cyanide is insoluble in water and dilute acids but soluble in ammonia. 
Dicyanogen is slowly reduced to hydrocyanic acid by sulphur dioxide, like 
halogens are reduced to hydrogen halides. The latter reaction, however, takes 
place very rapidly. 


(t>) POLYBASIC ACIDS 

(a) Saturated dibasic acids C n H 2n _ 2 0 4 . The oxalic acid series 

121. Various isomers are possible in the case of a dibasic acid of the formula 
C n H 2n (COOH) 2 , since the carboxyl groups may be attached in different 
positions in the carbon chain. 

The acids in which the carboxyl groups are attached at the ends of the 
chain, i.e. of the type COOH(CH 2 ) n COOH, are of importance in several 
ways and will be 
discussed in the fol¬ 
lowing paragraphs. 

Dibasic acids can 
be obtained by oxi¬ 
dising alkanediols 
with terminal hyd¬ 
roxyl groups or by 
hydrolysing alkane 
dicarbonitriles. For 
other methods of 
preparation see 
(123). 

Some physical 

properties of a num- _ _ , . , , , 

£ . . . Fig. 29. Graphical representation of the melting points of 

ber of acids in this the dibasic acids C n H 2n -20 4 
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TABLE 32 

SOME PHYSICAL CONSTANTS OF SATURATED DIBASIC ACIDS_ 


Name 


Methane dicarboxylic acid 
Ethane 1,2-dicarboxylic acid 
Propane 1 , 3 -dicarboxylic acid 
Butane 1 , 4 -dicarboxylic acid 
Pentane 1,5-dicarboxylic acid 
Hexane 1 , 6 -dicarboxylic acid 
Heptane 1,7-dicarboxylic acid 
Octane 1 , 8 -dicarboxylic acid 
Nonane 1,9-dicarboxylic acid 
Decanc 1 , 10 -dicarboxylic acid 
Undecanc 1 , 11 -dicarboxylic acid 
Dodecane 1 , 12 -dicarboxylic acid 
Tridccanc 1,13-dicarboxylic acid 
Tctradccanc 1,14-dicarboxylic acid 
Pentadecanc 1,15-dicarboxylic acid 
Hexadccane 1,16-dicarboxylic acid 
Heptadccanc 1,17-dicarboxylic acid 


1 

Formula 

M.p. 

Solubility in 
100 parts of 
water at 20 ° 

Dissocia¬ 
tion const. 

Oxalic acid 

co 2 hco 2 h 

190° 

8.6 

± 0.1 

Malonic acid 

co 2 hcii 2 co 2 h 

133° 

73.5 

0.00163 

Succinic acid 

C0 2 H(CH 2 ) 2 C0 2 H 

187° 

6.84 

0.000065 

Glutaric acid 

C0 2 H(CH 2 ) 3 C0 2 H 

98° 

63.9 

0.000047 

Adipic acid 

C0 2 H(CH 2 ) 4 C0 2 H 

153° 

1.5 

0.000038 

Pimelic acid 

C0 2 H(CH 2 ) 5 C0 2 H 

106° 

5.0 

0.000032 

Suberic acid 

C0 2 H(CH 2 ) 8 C0 2 H 

144° 

0.16 

0.000030 

Azelaic acid 

C0„H(CH 2 ) 7 C0 2 H 

108° 

0.24 

0.000029 

Sebacic acid 

C0 2 H(CH 2 ) 8 C0 2 H 

134° 

0.10 

0.000028 


C0 2 H(CH 2 ) 9 C0 2 H 

110 ° 

0.014 



COoH(CH 2 ) 10 CO 2 H 

127° 

0.005 at 23° 


Brassilic acid 

C0 2 H(CH 2 ) m C0 2 H 

113° 

0.004 at 24° 



C0 2 H(CH 2 ) 12 C0 2 H 

126° 




co 2 H(CH 2 ) 13 co 2 H 

114° 




CCLH^CH^CC^H 

124° 




C0 2 H(CH 2 ) 15 C0 2 H 

132° 




C0 2 H(CH 2 ) 18 C0 2 H 

118° 




C0 2 H(CH 2 ) i7 C0 2 H 

120 ° 




scries are collected together in Table 32. Each member with an even number 
of carbon atoms has a higher melting point than the preceding or the 
succeeding member with an odd number of carbon atoms. The solubility 
in water is much greater for the odd members than for the even members 
and decreases with an increase in the number of carbon atoms. The melting 
points of the even and odd members approach one another more and more 
as the number of carbon atoms increases(see Fig. 29, p. 191). 


Such differences (oscillations) in the numerical value of a physical constant for 
the even and the odd members of a homologous series, are found only in properties 
relating to the solid state and probably are connected with the crystalline form. 
Definite oscillations arc found in the heats of combustion of the solid dibasic acids 
but not in the heats of combustion of the liquid dimethyl esters of these acids or in 
other physical properties of these liquids such as boiling point, refractive index or 
specific gravity. 

Electrolytic dissociation of the dibasic acids takes place in two stages: 


[C Hj] n 


COOH 


\COOH 


/COO' 

[CH,]„ + H* 

\COOH 


/COO' 

[CH,]n +*H. 

NCOO' 


The dissociation constants for the first stage are given in table 32. 
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Oxalic acid is a much stronger acid than its homologues; the dissociation 
constants become smaller as the carboxyl groups become situated farther 
apart but remain of the same order of magnitude from succinic acid 
onwards. The dibasic acids are considerably stronger than the monobasic 
acids with the same number of carbon atoms. 

122. Oxalic acid, dicarboxylic acid. Salts of oxalic acid occur in many 
plants; Scheele isolated oxalic acid from vegetable material as long ago 
as 1784. Oxalis (wood-sorrel) and ritrnex (dock) species contain acid potas¬ 
sium oxalate; calcium oxalate occurs for example in ferns, lichens and algae. 
Sodium oxalate can be formed by heating sodium in a stream of carbon 
dioxide to about 360° (Kolbe). Oxalic acid is produced by the hydrolysis 
of dicyanogen N=C—C=N (Wohler, see 120). These methods of formation 
are of theoretical or historical interest. 

On a commercial scale sodium oxalate is prepared by rapidly heating 
sodium (or potassium) formate to about 360°, when hydrogen escapes from 
the molten mass: 

NaOOCH NaOOC 

-> I + H 2 . 

NaOOCH NaOOC 

Potassium oxalate is formed by heating sawdust with molten potassium 
hydroxide, potassium formate being produced as an intermediate product 
is this case also. Oxalic acid is frequently produced as a degradation product 
in the oxidation of organic compounds with nitric acid. 

Oxalic acid crystallises with two molecules of water of crystallisation 
C 2 H 2 0 4 .2H 2 0. The anhydrous acid can be sublimed by careful heating but 
on stronger heating it decomposes to a small extent into carbon dioxide 
and formic acid and to a greater extent into water, carbon dioxide and 
carbon monoxide. The anhydride of oxalic acid is unknown. 

Depending on the experimental conditions, either formic acid (see 69) or allyl 
alcohol (95) is formed by the action of oxalic acid on glycerol. When anhydrous oxalic 
acid is dissolved in glycerol at about 50° an oxalic ester, I, is formed as can be demon¬ 
strated by the production of oxamide with alcoholic ammonia. On heating to a higher 
temperature, carbon dioxide is split off and allyl alcohol, II, is produced: 

CHo—O—C=0 CH, 

II II ' 

CH-O — C=0 —2C0 2 + CH 

I I 

ch 2 oh ch 2 oh. 

I. II. 

If oxalic acid containing water of crystallisation is used in this experiment, the 
acid oxalic ester of glycerol. III, is formed as the main product, which loses carbon 
dioxide on warming and is converted into the monoformatc, IV. If more water- 
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containing oxaUc ackl is now adde ,'£££££ 

- n '- c n^r:lnr^==^e than the equivalent quantity 
of oxalic acfd into formic acid, because glycerol is constantly regenerated. 


CH 2 OCOCOOH 

I 

CHOH 

CHjOH 

III. 


ch 2 ocoh 

I 

CO, + CHOH 


CH,OH. 

IV. 


Oxalic acid is easily oxidised by potassium permanganate in dilute 
sulphuric acid solution (application in quantitative analysis) according to 

the following equation: 

S^H.O. + rKMnOj + 3 H,SO, —* K,SO. + rMaSO. + 8H.O + roCO,. 

The manganese sulphate exerts a catalytic accelerating effect on this oxida¬ 
tion, so that the reaction takes place very rapidly as soon as a little MnS 0 4 

is formed. . 4 . . », 

The alkali salts of oxalic acid are readily soluble m water. The calcium salt 

CaC 2 0 4 .2H,0. is sparingly soluble in water and in weak acids and serves as 

a test both for calcium and for oxalic acid. “ Salt of sorrel , KHC 2 0 4 .C 2 H 2 () 4 . 

2 H..O a compound formed from a molecule of the acid potassium salt, a 

molecule of oxalic acid and two molecules of water of crystallisation, is an 

example of a tctraoxalale. 

Very many complex salts of oxalic acid are known. Potassium ferrous oxalate 

I< a Fe(C a 0 4 ) t is pale yellow coloured in solution. 

The solution therefore contains a complex anion, probably [Fe^O,)*] . since 
ferrous ions have a pale green colour. This salt has powerful reducing properties.and 
is used as a photographic developer. Potassium ferric oxalate, K 3 Fe(C a 0 4 ) 3 . dissolves 
in water with a green colour; the solution probably contains the complex ion 
[Fc(C a 0 4 ) 3 ]". This solution is quickly decomposed by sunlight giving potassium ferrous 

oxalate; 

2 K 3 Fc(C,0 4 ) 3 —> 2 K,Fc(C 2 0 4 ) 2 + K,C,0 4 + 2 CO,. 

Use is made of this reaction in the manufacture of “photographic platinum prints, 
since potassium ferrous oxalate precipitates metallic platinum from a solution of 

platium salt. 

Amongst derivatives of oxalic acid may be mentioned oxalyl chloride, 
ClOC.COCl, b.p. 64°, m.p. —12°, which may be obtained by the interaction 
of two molecules of phosphorus pentachloride and one of oxalic acid, and 
the diamide of oxalic acid, oxamide, H 2 N—CO—CO NH 2 , which is produc¬ 
ed by the action of ammonia on diethyl oxalate. Oxamide is a colourless 
solid, practically insoluble in water, alcohol or ether, which is remarkable, 
because formamide and acetamide are readily soluble in water. 
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123. Methane dicarboxylic acid, malonic acid, H 0 .,CCH.,C 0 2 H. The struc¬ 
ture of this acid is apparent from its synthesis. When an alkali salt of mono- 
chloroacetic acid (129) is warmed in aqueous solution with potassium cyanide, 
cyanoacetic acid or cyanomethane carboxylic acid is produced and this is 
converted into malonic acid by hydrolysing the nitrile group: 

ClCH 2 COOH —>■ NCCHjCOOH —> HOOCCH 2 COOH. 

Small quantities of malonic acid occur in sugar-beet. When malonic acid 
is heated above its melting point, a molecule of carbon dioxide is split off 
with the formation of acetic acid: 

HOjCCHj |COTi H—> C0 2 + HOjCCH,. 

Experience has shown, that in general, acids in which two carboxyl groups 
are attached to one carbon atom, lose a molecule of carbon dioxide when heated 
above the melting point. 

The two hydrogen atoms on the CH 2 -group in malonic acid are reactive; 
this must be ascribed to the influence of the carboxyl groups. Thus malonic 
acid dissolved in glacial acetic acid can react with aldehydes with the elimin¬ 
ation of water: 

/COOH /COOH 

RCHO + HjC -*H 2 0 + RCH=C 

\COOH \COOH. 

The reactivity of the hydrogen atoms of the CH 2 -group is particularly 
apparent from the properties of ethyl malonate. When a gram atom of 
sodium is introduced into a molecule of the diethyl ester, a liquid boiling 
at 198°, hydrogen is evolved and a solid compound, sodium ethyl malonate, 
H 6 C 2 0 2 CCHNaC 0 2 C 2 H 6 , is formed, in which an atom of hydrogen is replaced 
by sodium. The structure of this sodium compound is apparent from the 
action of an alkyl iodide which results in the production of sodium iodide 
and an ester, which gives a homologue of malonic acid on hydrolysis, e.g .: 

co 2 c 2 h 6 co 2 c 2 h 6 

H—C—Na -f C 2 H 6 I —> Nal + H—C—C 2 H 5 

co 2 c 2 h 6 co 2 c 2 h 6 

diethyl cthylmalonate. 

The homologues of malonic acid obtained in this way, split off a molecule 
of carbon dioxide on heating and pass over into alkane carboxylic acids; 
thus in the above example w-butyric acid is produced. 

This method of synthesis, called the malonic ester synthesis, can be 
extended as follows. The diethyl ester of ethylmalonic acid mentioned 
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above, can react with a gram atom of sodium The sodium compound 
obtained in this way can again react with an alkyl iodide. 


CO,C : H s 

C,H S — C—Na + CHjI 

COjCjHj 


CO.C.Hj 

I 

Nal + CjH 5 —C CHj 

COjC,Hj 


By hydrolysing the ester and heating the dibasic acid, a valeric acid, butane 
2-carboxylic acid (72) is produced: 


c 2 h 5 — 


COOH 

I 

C-CHj 

I 

COOH 


H 


CO, + C 2 Hj—C—CH j 


COOH 

mcthylcthylacctic acid 


The malonic ester synthesis is also used for the synthesis of the higher 
members of this series. For example, one may start from heptane dicarb- 
oxylic acid, COOH(CH 2 ) 7 COOH (C 0 H 16 O 4 ). The ester of this acid is reduced 
with sodium in boiling alcohol by the method of Bouveault and Blanc (77) 
to nonane-i.Q-diol, from which 1,9-dibromononane is prepared by the 
action of hydrobromic acid. By the action of two molecules of sodium ethyl 
malonate on the dibromo-compound and subsequent hydrolysis, a tetra- 
carboxylic acid is obtained, which gives undecane 1,1 l-dicarboxylic acid, 

C 13 H 2l 0 4 , on heating: 


C O a C jH 6 

I 


co 4 c,h 6 


H—C—Na + Br(CH.),Br + Na— 

I 

CO,C,H, 


C—H 
0 2 C ,Hj 


A 


COOH COOH 

C-(CHj) 9 -C—H —> HOOC(CH,) n COOH + aCO t . 

| I 

COOH COOH 


Nonane 1,9-dicarboxylic acid, COOH(CH 2 ) 9 COOH, can be produced by 
allowing potassium cyanide to interact with dibromononane and hydrolysis 

of the dinitrile so obtained. 


124. Ethane 1,2-dicarboxylic acid', succinic acid HO2CCH2CH2CO2H. 
Succinic acid occurs in amber, fossil wood and in many plants, including 
vines and sugar-beet. The structure of succinic acid follows from the following 
syntheses: 



§ 123-125 


SUCCINIC acid; anhydrides 


197 


x. BrC H,CHjBr + 2 KCN 

COjCjHj 


2. 


NC(C H 2 ) a C N 


HOOC(CH 2 ),COOH 


I 


c o 2 c 2 h 6 


H—C—Na + C1CH 2 C0 2 C 2 H 6 —>- NaCl + H 

CO.C 2 H 5 

sodium ethyl ethyl chloroacetatc 

malonate 


C-CH ; C0 2 C;Hj 

co 2 c 2 h 5 

tric-thylethanc 
tri-car boxylate 


Ethane tricarboxylic acid, which loses carbon dioxide on heating with the 
formation of succinic acid, is obtained by hydrolysing the ester. 

Propane 1,3-dicarboxylic acid, glutaric acid, H 0 2 C(CH 2 ) 3 C 0 2 H, occurs in 
small amounts in sugar-beet along with similar amounts oibutane 1,4-dicar- 
boxylic acid or adipic acid H 0 2 C(CH 2 ) 4 C 0 2 H. These acids can be prepared 
by converting 1,3-dibromopropane and 1,4-dibromobutane, respectively, 
into the corresponding dicarbonitriles and hydrolysing them. 

At the present time, adipic acid is prepared on a large scale by oxidising cyclo- 
hexanol (289) or cyclohexane (287). It is the starting material for the manufacture 
of Nylon (see 204). 

Hexajie 1,6-dicarboxylic acid, suberic acid, H 0 2 C(CH 2 ) 6 C 0 2 H, is produced 
by the action of nitric acid on cork and can be obtained along with heptane 
1 ,y-dicarboxylic acid or azelaic acid, H 0 2 C(CH 2 ) 7 C 0 2 H, by oxidising castor oil 
with nitric acid. Azelaic acid can also be prepared by the oxidation of oleic 
acid (see 101). 


Anhydrides of dibasic acids. 

125. The anhydride of oxalic acid is unknown, as is also the true anhydride 
of malonic acid. 

When malonic acid is heated with an excess of phosphorus pentoxide, carbon suboxide, 
C 3 0 2 , (Diels) is produced with the removal of two molecules of water. This is a gaseous 
substance with an irritating odour, boiling at 7 0 and melting at —m°, which easily 
polymerises to a dark red solid. Malonic acid is produced by the action of water on 
carbon suboxide: 


0 = C = C = C = 0 + 2H 2 0 


/C 

/ \OH 
Ha \ ^° H 


C 


The linear structure of carbon suboxide follows from electron diffraction 
experiments. The corresponding internal anhydrides are easily formed from 
succinic acid and glutaric acid by heating, water being split off in the process: 




These anhydrides are fairly readily converted into the corresponding 
dibasic acids by warming with water. The anhydrides of succinic acid and 
glutaric acid contain a ring consisting of one oxygen atom and four and 
five carbon atoms, respectively. When ammonium succinate is heated rapidly, 

succinimide N nh, is produced containing a ring consisting of four 

C H S C ="o 

carbon atoms and one nitrogen atom. 

As with the anhydrides of alkane diols (no) and with cyclic imines (342), 
rings of five and six atoms are easily formed in this case also. These facts are in 
agreement with our knowledge of the spatial structure of these molecules. 
In 37 it is shown that the carbon atoms in the grouping (CH 2 ) n forma 
zigzag chain, in which the angles between the carbon bonds are about 109°. 
The angle between the oxygen-carbon bonds in an ether is about no° (79). 
The molecule of succinic anhydride contains a five-ring formed of four 
carbon atoms and one oxygen atom. This ring can be formed without the 
valency bonds undergoing any significant deflection, since the angle in a 
regular pentagon is equal to 108°. It is to be expected therefore that succinic 

anhydride will be easily formed. 

The same reasoning holds for the formation of glutaric anhydride the 
molecule of which contains a ring of five carbon atoms and one oxygen 
atom; in the formation of this six-ring the deflection of the directions of 
the valency bonds is not large (the angle in a regular hexagon is 120°). 

In the formation of the anhydride from malonic acid a four-ring must be 
formed, which must bring about a very great deflection in the directions 
of the valency bonds. Hence the anhydride of malonic acid is unknown. 
The same considerations hold for the anhydrides of the alkane diols. The 
above explanation was given in a qualitative sense in 1885 by Baeyer in 
his strain theory. 



§ 125-126 


DIBASIC UNSATURATED ACIDS 


199 


O 


II 



H ^ c \ 0 

H ^c / 

Hz'V 

c = 0 

I 

H \C 

1 

O 


HZ' \ c 



o 

succinic anhydride 


O 

glutaric anhydride 


(b) Dibasic unsaturaled acids 

Determination of the configuration of cis- and trans-isomers 

126. The simplest compounds in this group are the ethene 1,2-dicarboxylic 
acids C 4 H 4 0 4 . Two compounds having this composition are known, fumaric 
acid and allofumaric or maleic acid. Fumaric acid occurs in the vegetable 
kingdom, e.g. in toadstools and in common fumitory, fumaria officinalis; 
it sublimes on heating and melts under pressure at 286°; it is sparingly 
soluble in water. Maleic acid is not met with in nature; it melts at 130 
and is very readily soluble in water. 

Both acids can be obtained by heating malic acid, ethanol 1,2-dicarboxylic 
acid, HOOCCH 2 CHOHCOOH; on slow heating to 140-150° fumaric acid is 
the main product, but on rapid heating to 220° the anhydride of maleic acid 
distils; some fumaric acid is also formed. 

Both fumaric acid and maleic acid can be reduced either catalytically 
or by means of sodium amalgam and water, to succinic acid. Both acids 
produce malic acid on heating with water and bromosuccinic acid is produced 
by the addition of hydrobromic acid. Thus the structure of both fumaric 
acid and maleic acid is represented by the formula HOOCCH = CHCOOH. 

These acids are stereoisomers of the cis- and trans-type (compare 82). 
In this case it is possible to determine the stereochemical configuration, i.e. 
to establish to which of these isomers the cis-configuration and to which 
the trans-configuration must be ascribed. 

On heating maleic acid to about 160°, water is split off and the internal 
anhydride, maleic anhydride, C 4 H 2 0 3 , is produced. 

Fumaric acid sublimes at about 200° and is not converted into the anhyd¬ 
ride by this treatment; the anhydride of fumaric acid is unknown. There¬ 
fore the cis-configuration is ascribed to maleic acid (Fig. 30A; projection 
formula Fig. 30B) ; in this configuration the carboxyl groups are so situated 
that water mav be split off readily with the formation of a five-membered 
ring. The trans-configuration (Fig. 31A; projection formula Fig. 31B) is 
ascribed to fumaric acid; in this case the carboxyl groups are so situated 
that the formation of a ring-structure by the removal of water is not possible. 
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because this would necessitate a considerable deviation in the bonding 



Fig. 30 . Maleic acid (cis-configuration) 



Fig. 31. Fumaric acid (/rans-configuration) 


By means of these stereochemical formulae for fumaric and maleic acids 
it is also possible to explain the conversion of these acids into the stereo- 

isomeric tartaric acids. 

Examples of cis-trans isomerism in unsaturated mono-carboxylic acids 
have already been mentioned in ioo. There is no generally applicable method 
for determining the configuration of cis-trans isomers, so that in a number 
of cases it is not known with any degree of certainty to which isomer the 
cis- or /raws-configuration must be ascribed. 

It has been established in the following way that the crotonic acid melting at 71 ° (100) 
has a /rans-configuration (Von Auwers and Wissebach). By warming chloral (I) with 
malonic acid (II) a trichlorohydroxybutyricacid (III) is prepared from whichtnchloro- 
crotonic acid (IV) is obtained by warming with acetic anhydride and sodium acetate: 

CljCCHO + H,C(COOH),— > C1,C CHOHCHjCOOH—► CCl,CH=CHCOOH 

I. II. III. IV * 

Crotonic acid is obtained from trichlorocrotonic acid by reduction with zinc and 
acetic acid; on the other hand fumaric acid is formed by hydrolysis with aqueous 
sulphuric acid; no maleic acid is formed in this case: 

H—C—CH, H—C—CC1, H-C-COOH 

HOOC-C-H HOOC—C—H HOOC—C—H 

crotonic acid trichlorocrotonic acid fumaric acid. 

An interesting method of determining configuration is employed in dichloroethene; 
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this compound occurs in two isomeric forms boiling respectively at .|8° and 59®. 
The former has a dipole moment equal to zero; hence this isomer possesses the trans- 
con figuration (I), in which the centres of the positive and negative charges coincide. 
The isomer boiling at 59° has a dipole moment of 1.89 x 10- 18 and therefore possesses 
the os-configuration (II) (Errera). 



The distance between the two chlorine atoms in I must then be greater than in II. 
From measurements on X-ray diffraction by the molecules of these two substances, 
Debije has calculated that the Cl—Cl distance in the /r«MS-isomer is .j.i A and 3.6 A 
in the os-isomer. 

Maleic acid can be converted into fumaric acid in various ways, c.g. by warming 
to a temperature just above its melting point. The lack of free rotation in doubly 
bound carbon atoms is not to be so construed that the conversion of a os- into a 
/rnus-configuration is impossible under all circumstances. Such transformations may 
take place with the transfer of energy either by warming or by irradiation when 
catalytic influences frequently play a role. The conversion of oleic acid into elaidic 
acid has already been discussed in 101. Fumaric acid is produced when a concentrated 
aqueous solution of maleic acid containing a little bromine is exposed to sunlight. 
This may be explained as follows: a bromine atom produced by the dissociation of a 
molecule of bromine, adds on to the double bond between the carbon atoms in maleic 
acid; in this way there is produced a radical with a free valency bond. When this 
radical loses its bromine atom again, the double bond between the two carbon atoms 
is restored in such a way that the more stable configuration, i.c. fumaric acid, is 
produced: 

H\ /COOH 

H—C—COOH C— Br HOOC—C — H 

|| + Br—> | —>Br+ II 

H —C—COOH C H—C—COOH. 

H^ | \COOH 

The molecular heat of combustion amounts to 327.5 kcal for maleic acid and to 
320.1 kcal for fumaric acid. From this it follows that fumaric acid is the stable modi¬ 
fication at ordinary temperatures. Fumaric acid and maleic acid are mutually inter- 
con vertable by irradiation with ultra-violet light. 

As with the monobasic unsaturated acids, the affinity constant in the dibasic unsat¬ 
urated acids is greater than in the corresponding saturated acids; k for succinic acid 
is 0.0000665 and 0.00093 for fumaric acid. For maleic acid k is 0.0117, i.e. almost 
twelve times greater than for fumaric acid. Hence the distance of the carboxyl groups 
in the molecule of these acids has an effect on the strength of the acids. 


(c) Tribasic acids 

127. Esters of acids with three or four carboxyl groups on one carbon atom are 
known but the acids themselves are not. The triethyl ester of methane tricarboxylic 
acid, for example, is obtained by the action of ethyl chloroformate (15°) on sodium 
ethyl malonate (123): 
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C jHjOjCCI + NaCH(C0 i C a H 5 ),->C l H 5 0 I CCH(C0 i C,H 6 ) a + NaCl. 

Bv the repeated action of ethyl chloroformate on the sodium compound of tn-ethyl- 
h 1 tri^rboxvlate te tract hylmcthane tetracarboxylate is produced. By hydro- 
lysin^g^hes^estere^v^th* sulphuric acid, carbon dioxide is split o«; malonic acid is 

(”-P- 16 5°> U . an 6Xa ™ Pl ^ f “dt 1 

with three £r*>xyl groups on different carbon atoms. This acid can be obtained by 
ir‘‘ath,g tribromopropane with potassium cyanide and hydrolysingthe tncyanopropane 

which is formed: 


CHj-CH-CH, 
Br 


CHj-CH-CHj 

I 


CH* 

I 


CH 


CH. 

I 


Br 


Br 


CN 


CN CN CO*H COjH CO £ H. 


Another synthesis of polybasic acids depends on the addition of sodium ethyl 
rnalonatc to esters of unsaturated acids, e.g. to diethyl fumara e 

CO*C 2 H 5 

CjHjOjC CH=CHC O a C*H 4 + NaHC(CO t C,H 4 )*-HC NaCHCH(C0,C t H # ) # . 

C o*c 2 h 6 

Propane 1 . 2 , 3 -tricarboxylic acid is obtained by hydrolysis followed by splitting off 

of carbon dioxide. . . ., , , 

Propcnc 1 . 2 ,^tricarboxylic acid (m.p. 191°). also called acomtic acid, because of 

its occurrence in aconitum napellus. is an example of an unsaturated tricarboxylic 

acid It is obtained by heating citric acid ( 144 ) when water is split off. The structure 

of propcnc tricarboxylic acid is CH=C-CH* . for on reduction it is converted 

C 0*H C 0*H CO*H 
into propane 1 , 2 . 3 -tricarboxylic acid. 


(vi) HALOGENO-DERIVATIVES OF ALDEHYDES 


128. Trichloroethanal or chloral, CCl 3 CHO, belongs to this group of com¬ 
pounds. This substance, which is of importance in several ways, is prepared 
by the action of dry chlorine gas on absolute alcohol (Liebig). In this process 
several reactions take place one after the other; first of all ethyl hypochlorite 
is produced: CH 3 CH 2 OH + Cl 2 CH 3 CH 2 OCl + HC 1 . This substance 
decomposes into hydrogen chloride and ethanal: CH 3 CH 2 OCl >-CH 3 CHO 
HC 1 . The ethanal is then chlorinated via various intermediate products 
to trichloroethanal: the end-product from this reaction is a compound of 


trichloroethanal with ethanol cci 


i CH° CtH *. Trichloroacetaldehyde is 

\oh 

obtained from this compound by treatment with concentrated sulphuric 
acid. It is a viscous liquid with a characteristic odour. It melts at 57 
boils at 98°. When this substance is brought into contact with water, a 
crystalline substance, chloral hydrate, CC 1 3 CH 0 .H 2 0 (m.p. 47 0 ) is produced 
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with the evolution of heat. Because the hydrate is stable it is represented 
by the formula CCl 3 CH(OH) 2 . Hence this is a compound in which two 
hydroxyl groups are attached to the same carbon atom. 

A solution of chloral hydrate does not show all the reactions of aldehydes, 
e.g. no colour is produced with fuchsin-sulphur dioxide. But it reduces 
ammoniacal silver solution and is oxidised to trichloroacetic acid by nitric 
acid. Chloral is broken up by alkaline liquids into chloroform and an alkali 
formate even at room temperatures: 

CCI3CHO + KOH —>■ CHC 1 3 4- HCOOK. 

This reaction takes place with measurable velocity in very dilute solutions and 
is monomolccular. This can be explained by postulating that the initial product is 
an addition compound consisting of one molecule of chloral and one molecule of the 

/-OH 

base, CCljCH , which then decomposes with measurable velocity into chloro- 

\OK 

form and alkali formate. The electrical conductivity of a solution of chloral hydrate 
and potassium hydroxide also points to a combination of these two molecules 
(Enklaar). 

In 1S69 Liebrich discovered that chloral hydrate can be used as a hypnotic; in 
this connection he set out from the idea that chloral should be split up in the organism 
with the formation of chloroform. Later on it appeared, however, that chloral is 
reduced in the body to trichloroethanol, which is eventually eliminated by the body 
in the form of a complex compound (urochloralic acid). Since improved soporifics 
have appeared on the market the use of chloral medicinally is now obsolete. 

(vii) SUBSTITUTED ACIDS 

(a) Acids with halogen atoms in the alkyl-groups 

129. These acids are produced by the action of chlorine or bromine on 
anhydrous alkane carboxylic acids in the presence of a substance such as 
sulphur, iodine or red phosphorus, which acts as a “halogen carrier’’. Thus 
monochloroacetic acid can be prepared by treating glacial acetic acid contain¬ 
ing a little red phosphorus with chlorine at ioo°. The reaction is greatly 
accelerated by sunlight. 

For the preparation of brominated acids an equivalent quantity of red 
phosphorus is usually employed. The acid bromide is first of all produced, 
which is more easily brominated in the alkyl group than the alkane carboxylic 
acid itself (Hell, Volhard, Zelinsky): 

3C n H 2 n + 1CH2COOH + PBr 3 -^- 3C n H2n + lCH 2 COBr + P(OH ) 3 . 

3CnH 2 n + lCH 2 COBr + 3 Br 2 —> 3CnH 2n + xCHBrCOBr + 3 HBr . 

On the addition of water, the bromine combined in the —COBr-group is 
replaced by OH, so that the acid CnH 2n +iCHBrCOOH is produced. It has 
been found that bromination by this method succeeds only with acids in 
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which the carbon atom attached to the carboxyl group carries at least one 
atom of hydrogen, so that «- or i-halogeno-acids are produced. Trimethyl- 
acetic acid (CH 3 ) 3 CCOOH and tetramethylsuccimc acid HOOLL(CH 3 ) 2 L 

(CH 3 ) 2 COOH cannot be brominated in this way . 

Halogenated acids can be obtained also by the add,turn of hydrogen halides 

to unsaturated acids or by the action of phosphorus halides on hydroxy- 
acids (130). The iodinated acids are produced by warming the chlorinated or 

brominated acids with potassium iodide. 

The dissociation constants of the halogenated acids are considerably 

greater than those of the corresponding alkane carboxylic acids (see Table 

03). The effect of the fluorine atom is greatest and that of the iodine atom 

least. The increase in the dissociation constant is smaller the further removed 

the halogen atom is from the carboxyl group. 


TABLE 33 


DISSOCIATION CONSTANTS OF SOME HALOGENATED ACETIC AND BUTYRIC ACIDS 


Name 

Formula 

k at 25° 

Acetic acid 

CH 3 COOH 

0.0000184 

Fluoroacctic acid 

CH 2 FCOOH 

0.00218 

Chloroacetic acid 

ch 2 cicooh 

0.00155 

Bromoacetic acid 

CH 2 BrCOOH 

0.00138 

Iodoacetic acid 

ch 2 icooh 

0.00076 

Dichloroacetic acid 

chci 2 cooh 

0.0514 

Trichloroacetic acid 

CCI 3 COOH 

0.300 

Butyric acid 

CH 3 CH 2 CH 2 COOH 

0.0000175 

1 -Chlorobutyric acid 

ch 3 ch,chcicooh 

0.00139 

2-Chlorobutyric acid 

ch 3 chcich 2 cooh 

0.000089 

3-Chlorobutyric acid 

ch 2 cich 2 ch 2 cooh 

0.000030 (approx.) 


The halogen atom in the halogeno-acids can be replaced by various groups 
of atoms such as —NH 2 , —OH, —CN, etc., just like the halogen atoms in 
halogenoalkanes. Therefore, the halogeno-acids are of great importance in 
a number of syntheses. 

While i-halogcno-acids are converted into hydroxy-acids (131) by boiling 
with excess water or with dilute alkalis, 


CHjCICOOH + H t O —► CH,OHCOOH + HC1 
monochloroacctic acid glycollic acid 

under the same conditions hydrogen halide is split off from 2-halogeno 
acids with the formation of unsaturated acids (99): 

CH.CHCICH.COOH + H t O —> CH s CH = CHCOOH + HC1. 

2-chlorobutyric acid crotonic acid 
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It is noteworthy that on warming 2-chloro-acids with a solution of soda, decompos¬ 
ition goes further; carbon dioxide is eliminated and an alkene is produced: 


CH 3 CHClCHXOONa —> CH 3 CH = CHCH 3 + XaCl -f C 0 2 . 


Monochloroacetic acid (m.p. 63°, b.p. 189°) is used, for example, in the 
synthesis of indigo (316); dichloroacetic acid is a liquid boiling at 195 J . 

Trichloroacetic acid (m.p. 57°, b.p. 195 s ) can be prepared by the oxidation 
of chloral (128). It is split up into carbon dioxide and chloroform on warming 
with water to ioo°, CCl 3 COOH —► CO a + CHC 1 3 , a fact which must be 
ascribed to the plurality of negative groups in the molecule. A similar case 
is to be found in the decomposition of chloral by dilute alkalis discussed 
in the preceding section. 


Trichloroacetic acid was obtained by Dumas in 1839 by the long continued action 
of chlorine on acetic acid. Dumas established that in this compound, in which all 
the hydrogen atoms in the alkyl group had been replaced by chlorine, the character¬ 
istic properties of a carboxylic acid were still maintained. This investigation was of 
great importance for the theory of substitution reactions. 

In 1845 Koi.be obtained acetic acid by treating trichloroacetic acid with sodium 
amalgam and water. In this way the synthesis of acetic acid from its elements was 
realised as Kolbe had prepared trichloroacetic acid in the following way: Carbon 
disulphide (obtained by the action of sulphur on carbon at a high temperature) was 
converted into carbon tetrachloride by treatment with chlorine, from which tetrachloro- 
ethenc C 1 2 C=CC 1 2 was prepared by heating. The tctrachloroethene was treated in 
sunlight with water and chlorine and trichloroacetic acid was produced. 

Cl 2 C=CCl a + Cl 2 —> CC 1 8 CC 1 3 + 3 H 2 0 —> CCl 3 C(OH) 3 + 3 hci —cci 3 cooh + h 2 o. 


(b) Monobasic Jiydroxy-acids 

130. These hydroxy-acids are compounds containing a carboxyl group and 
one or more hydroxyl groups. When only one hydroxyl group is present 
they are called monohydroxy-acids; they may be prepared by the following 
methods. 

1. By the careful oxidation of polyhydric alcohols, e.g. by warming with 
nitric acid: 

CH 2 OHCHjOH —> CHjOHCOOH. 

Ethane 1,2-diol glycollic acid, hydroxymethane carboxylic acid 

2. By replacing the halogen atom in i-halogeno-acids (129) by the 
hydroxyl group, e.g. by boiling with dilute alkalis. 

3. By the reduction of acids which contain a carbonyl group as well as 
a carboxyl group (aldehydo- or keto-acids, see 147): 

CH3COCOOH + 2H—► CH3CHOHCOOH . 
pyruvic acid lactic acid 

i-kctoetliaue i-carboxylic acid 
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4 By addition of hydrogen cyanide to aldehydes or ketones and hydroly¬ 
tic fission of the hydroxycarbonitrile so obtained. In this way i-hydroxy- 
acids (a-hydroxy-acids) are formed exclusively: 


OH 


C n H 2 n + lC +HCN 

\H 


C D^'in + lC—C N 
H 

_ rarhnnitrilp 


C n H> n + lCHOHCN + 2H2O —> C n Ho n + iC HOHCOOH + NH3. 

1 -hydroxy-acid 

The acids which are brominated by the Volhard method (see 129), give 
hvdroxy-acids when the bromine is replaced by hydroxyl. These hydroxy- 
acids are produced also by the cyanhydrin synthesis just described. From 
this it follows that the bromine atom in the brominated acids is attached 

to the carbon atom carrying the carboxyl group. 

Properties . The dissociation constant of the hydroxy-acid is greater than 
that of the alkane carboxylic acid with the same number of carbon atoms 
(sec Table 34). The effect on the dissociation constant is greatest when the 
hydroxyl group is situated next to the carboxyl group. 


TABLE 34 

DISSOCIATION CONSTANTS OF SOME HYDROXY-ACIDS 



Acetic acid 

Glycollic acid (hydroxyacetic acid) 
Propionic acid 

Lactic acid ( 1 -hydroxypropionic acid) 
2 -Hydroxypropionic acid 


CH3COOH 

CH 2 OHCOOH 

CHjCHjCOOH 

CH 3 CHOHCOOH 

CH 2 OHCH 2 COOH 


0.0000186 

0.000152 

0.0000138 

0.000138 

0.000031 


Both the hydrogen atom in the carboxyl group and that in the hydroxyl 
group can be replaced by an alkyl residue. In the former case an ester is 
produced, c.g. ethyl glycollate CH 2 OHCOOC 2 H 5 , which can be hydrolysed, 
while in the latter case an acid ether, e.g. ethoxyacetic acid C 2 H 5 OCH 2 COOH, 
is formed, from which the alkyl group cannot be removed by hydrolysis. 

The i-hydroxy-acids (a-hydroxy-acids) can easily split off water, two 
molecules of hydroxy-acid reacting in such a way that the OH-group in one 
molecule reacts with the COOH-group in the second molecule with the 
formation of lactides. Lactide, m.p. 125 0 , is produced from lactic acid by 
heating under diminished pressure: 
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ch 3 —ch—c=o 

CH3CHOHCOOH 
HOOCCHOHCHj 

0 =C C H—C Hj. 

lactidc. 

Thus this compound contains two ester groupings. It may therefore be 
split up hydrolytically by warming with water or with dilute acids, with the 
formation of lactic acid. 

Many i-hydroxy-acids are split up into formic acid and an aldehyde by 
warming with dilute sulphuric acid, e.g. 

C H a C HOHCOOH —>■ CHjCHO + HCOOH. 

2-Hydroxy-acids ((i-hydroxy-acids) also split off water on heating but 
with the production of unsaturated acids. The same reaction occurs on 
warming an aqueous solution of the sodium salt of a 2-hydroxy-acid with 
dilute caustic soda. A state of equilibrium is set up in this reaction (Fittig). 
From 2-hydroxybutyric acid there is produced crotonic acid along with a 
small amount of vinylacetic acid: 

CHjCHOHCH 2 C ooh 

i // 1 V* 

H z O + CHjCH = CHCOOH C H 2 =C HC H.C OOH + H z O. 

crotonic acid vinylacetic acid 

On evaporating their solutions 3-hydroxy-acids (y-hydroxy-acids) split 
off water and are converted into y -lactones, which may be regarded as 
internal esters. Because 3-hydroxy-acids are rather unstable in the free 
state, as a rule they are not known in a state of purity, but the salts, esters 
or amides are known. 

On warming with water the lactones are gradually converted into the 
corresponding hydroxy-acids. The reaction is reversible and leads to a state 
of equilibrium, which lies at about 80 % of lactone for butyrolactone at 
ioo° in a 1 % aqueous solution: 

ch 2 ch 2 ch,c=o 
h in 

3-bydroxybutyric 
acid 

This is a new example of the fact that cyclic compounds with five atoms 
in the ring are easily produced (see 125). The lactones may add on hydro- 
bromic acid and ammonia as well as water. By addition of HBr, 3-bromo- 
acids are produced, from which lactones can be regenerated. By addition 
of NH 3 , amides of 3-hydroxy-acids are produced. As far as the lower 
members are concerned, lactones are colourless liquids, which may be distilled 



CH.CH 2 CHjC=0 + h 2 o 

I-o- 


lactone 
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without decomposition. These compounds are easily converted into the 
alkali salts of 3-hydroxy-acids by alkali hydroxides but they are not affected 
by sodium carbonate in aqueous solution. Lactones may also be produced 
by warming acids with a double bond in the 2- or 3-positions, with dilute 

sulphuric acid: 

RCH=CHCH,C -*RCHCHjCH,C O 

X OH |_ 0 _1 

unsaturated acid lactone. 

8-Lactones may be formed from 4- and 5-hydroxy-acids , and in general they 
are reconverted into hydroxy-acids more easily than the y-lactones. 

It is noteworthy, that in the vegetable kingdom, lactones occur in which the ring 
system consists of a large number of carbon atoms. A lactone occurs in angelica root 
{Archangelica officinalis), having the structure CH a (CH 2 ) 13 C=0, and possessing an 

!_o ——I 

odour of musk. This compound can be prepared by the action of moist silver oxide 
on 14 -bromotetradccane- 1 -carboxylic acid, BrCH 2 (CH 2 ) 12 CH 2 COOH. 

131. Some individual hydroxy-acids will now be considered in more detail. 
Hydroxy methane carboxylic acid, glycollic acid (m.p. 80 ) CHgOHCOOH, 
occurs in unripe grapes and can be prepared from monochloroacetic acid by 

boiling with water and calcium carbonate. ^ 

j-Hydroxyethane i-carboxylic acid, i-hydroxypropionic acid or lactic acid 
CH3CHOHCOOH. The structure of this acid follows from its synthesis 
from hydrocyanic and acetaldehyde (see 58); in this way a mixture of equal 
quantities of dextro-rotatory and laevo-rotatory lactic acid is produced. 

Lactic acid is produced by the action of certain bacteria on particular 
kinds of sugars such as grape-sugar, cane-sugar, malt-sugar and milk-sugar. 
This decomposition is known as lactic acid fermentation. It depends on the 
species of bacteria whether laevo-rotatory lactic acid or a mixture of dextro- 
and laevo-rotatory lactic acid is produced. /-Lactic acid occurs in sour milk 
as was observed as long ago as 1780 by Scheele ; it is produced by the 
decomposition of milk-sugar by bacillus lactis acidi. 

Anhydrous <//-lactic acid melts at 18 0 and is very readily soluble in water; 
d- and /-lactic acids melt at 26°. 

Lactic acid is prepared on a technical scale by the action of suitable 
bacteria ( e.g . B. Delbrucki or B. lactis acidi Leichmann) on glucose or 
cane-sugar. Since development of the bacteria is retarded by the acid as it 
is formed, calcium carbonate is added to remove the free acid and calcium 
lactate results. Lactic acid also occurs in pickle-cabbage and in “press 
fodder" (compressed grass or clover). It is also a constituent of gastric juice. 
It can be prepared from glucose also by the action of caustic soda solution 
but other decomposition products are produced simultaneously. 
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Lactic acid is used in leather tanneries for making skins supple, in textile industries 
and for making lemonade. Calcium lactate is used in medicine; sodium and potassium 
lactates are extremely soluble in water. 

Dextro-rotatory lactic acid or sarcolactic acid occurs in muscle in which 
it is formed from glycogen (184). 

2-Hydroxypropionic acid CH 2 OHCH 2 COOH can be obtained from 2-bromo- 
propionic acid by treatment with silver oxide and water. On heating it is 
converted into acrylic acid CH 2 = CHCOOH. 

2-Hydroxybutyric acid (( 3 -hydroxybutyric acid) CH 3 CHOHCH 2 COOH, can 
be prepared for example by oxidising aldol CH 3 CHOHCH 2 CHO. 1 he laevo- 
rotatory form of 2-hydroxybutyric acid occurs in urine in certain patholog¬ 
ical conditions ( diabetes mellitus). 

132. It has already been mentioned, that in the synthesis of an a-hydroxy- 
acid from an aldehyde and hydrogen cyanide, a mixture of equal amounts 
of the d- and the /-isomer is produced. The cause of this is apparent from a 
consideration of stereochemical models, in which the C = 0 bond lies in the 
plane of the drawing, and the C—CH 3 bond and the C—H bond lie respect¬ 
ively in front of and behind this plane: 

H,C\ /H h 3 c h 

c 

II \ 

d HO CN 

acetaldehyde carbonitrile of 

lactic acid 

Addition of HCN can occur in two ways according to whether one or 
other of the bonding forces of the C = 0 bond is broken and becomes avail¬ 
able for attachment of the CN-group. In this way two mirror image configur¬ 
ations are produced, which cannot be superimposed and which represent 
the d- and the /-forms of i-hydroxyethane carbonitrile. Since the C = 0 
bond in acetaldehyde is symmetrically situated with respect to the plane 
of the C—CH 3 bond and the C—H bond, the chance for either mode of 
addition is equally great, so that equal quantities of the d- and the /-forms 
will be produced. 

An example in which an asymmetrical carbon atom is obtained by sub- 

Br ch 8 

stitution, is the formation of i-bromopropionic acid from 

cH CHj H COOH 

propionic acid • According to whether one or other of the 

dn cooh 

H-atoms is substituted, opposite rotatory acids will be produced and here 
also the chance of the formation of one or the other is equally great, since 
the two H-atoms available for substitution are situated symmetrically with 


h 3 c h 

X 

NC OH 

carbonitrile of 
lactic acid 
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regard to the plane containing the C—CH 3 and the C—COOH bonds. 

A third possibility for the occurrence of an asymmetric carbon atom 
exists in the splitting of a group. An example is the formation of butane 

2-carboxylic acid “'>( from butane 2,2-dicarboxylic acid 

CH.H.C ^COOH by C ^ t * t C ing off^a*molecule of carbon dioxide. Since either 

one^or other of the two carboxyl groups can be broken off in this reaction 
with equal facility, a mixture of equal quantities of d- and /-forms is pro¬ 


duced in this case also. 

In general, in the synthesis of compounds with an asymmetric carbon atom, 
an inactive mixture of a racemic compound of the d- and \-form is obtained, if 
the synthesis is carried out on compounds containing no asymmetric carbon 

atoms. . . 

The optically active lactic acids and many other optically active substances 

arc converted at high temperatures into the inactive mixture, which consists 

of equal parts of laevo- and dextro-rotatory substances. For this to happen 

half of the active substance must be converted into its optical isomeride. 

The velocity with which this reaction occurs can vary over a very wide 

range. While long continued heating is necessary with some active substances 

there arc others which change over into the inactive (racemic) mixture at 

ordinary temperatures. 


(c) Dibasic hydroxy-acids 

133. Methanol dicarboxylic acid, tartronic acid, COOHCHOHCOOH, is the 
first member of this series. It is produced by oxidation of ethane 1,2-diol 
carboxylic acid (glyceric acid) with nitric acid. At the melting point (187 ) 
carbon dioxide is split off; glycollic acid CH 2 OHCOOH which should be 
produced, loses water and passes over into a polymer of the corresponding 

lactide (131). 

Malic acid, ethanol 1,2-dicarboxylic acid or i-hydroxysuccinic, acid, 
COOHCHOHCHXOOH, occurs in various unripe fruits and can be prepared 
from unripe rowan berries. It melts at ioo° and is readily soluble in water 
and alcohol. Occurring in the vegetable kingdom it is laevo-rotatory. 

The structure of malic acid is determined as follows. Reduction with 
hydriodic acid produces succinic acid. An ester of monochlorosuccinic acid 
is produced by the action of phosphorus pentachloride on the ester of malic 
acid. The presence of an alcoholic hydroxyl group also follows from the 
fact that an acetate is formed from diethyl malate by treatment with acetyl 
chloride. The formation of fumaric and maleic acids on heating malic acid, 
has already been discussed (126). Conversely, fumaric acid can be converted 



§132-134 DIBASIC HYDROXY-ACIDS 211 

into malic acid by heating with water; in this case tlie inactive form is 
produced. 

134. Ethane 1,2-diol 1,2-dicarhoxylic acids or tartaric acids C 4 H 6 0 .,. Four 
stereoisomeric acids of the formula COOHCHOHCHOHCOOH are known, 
viz. dextro-rotatory and laevo-rotatory tartaric acids, racemic acid and meso- 
tartaric acid; the last two acids are optically inactive. These inactive forms 
are produced by the cyanhydrin synthesis from ethane dial (glyoxal 145) 
or by heating the silver salts of the dibromosuccinic acids (obtained from 
fumaric or maleic acids and bromine) with water. The structural formula 
follows from this method of formation. 

According to this formula two asymmetric carbon atoms occur in the 
molecule of the tartaric acids. When there is one asymmetric carbon atom 
present in a molecule two optically active isomers are possible. When the 
molecule contains a second asymmetric carbon atom, this may be either 
dextro- or laevo-rotatory, so that the combinations II in the scheme given 
below, in which r and l represent dextro- and laevo-rotatory carbon atoms 
respectively, are possible. When there are three asymmetric carbon atoms 
it may be shown in the same way, that the number of isomers (combinations 
III) theoretically possible is 2 3 = 8, i.e. for n asymmetric carbon atoms 
the number is 2 n . 



In this derivation it is assumed that the various asymmetric carbon atoms 
are dissimilar, i.e. carry different atoms or groups of atoms and the racemic 
combinations are not taken into account. In the tartaric acids the two 
asymmetric carbon atoms are attached to the same groups, i.e. both asym¬ 
metric carbon atoms are equivalent. 

Consequently, cases r 1 l 2 and lyr 2 become identical so that three isomers 
are to be expected. Since however 1 and 3 (below) can form a racemic com¬ 
pound, racemic acid, altogether there are four stereoisomers, viz. 

123 4 

CH(OH) (COOH) dextro dextro laevo inactive combination of 1+3. 

CH(OH) (COOH) dextro laevo laevo 

1. dextro-tartaric acid, 3. laevo-tartaric acid, 

2. meso-tartaric acid, 4. racemic acid. 


Racemic acid is an addition compound of dextro- and laevo-tartaric acids. 
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It may be resolved into its optical components. On the other hand, meso- 
tartaric acid consists of one species of molecules, which are inactive. Hence 
it cannot be resolved into optically active forms, since the molecule is 

internally compensated. 

Projection formulae arc used for representing the stereochemical con¬ 
figuration of compounds with more than one asymmetric carbon atom 

(E. Fischer). . 

Fig. 33 is the projection of Fig. 32, the space model of a compound in 

which two asymmetric carbon atoms occur. 



compound with two asym¬ 
metric C-atoms 



Fig- 33 - Projection of Fig. 32 


The bonds a and c, which lie in front of the plane of the paper in Fig. 32, 
correspond with the line ac, which lies at right angles to the line joining the 
carbon atoms in Fig. 33 * I h e bonds b lie behind the plane of the paper 
in Fig. 32 and are projected in big. 33 as extensions of the line joining the 

carbon atoms. 

The order of the atoms or groups of atoms, a, b and c, around the asym¬ 
metric carbon atom is not altered when one carbon atom is rotated with 
respect to the other, see Fig. 341 the configurations of Figs. 3 2 and 34 are 
identical, Fig. 35, which is the projection of Fig. 34 therefore represents 
the same configuration as Fig. 33. 



Fig. 34. Compound represented 
by Fig. 32, after rotation of 
upper atoms or groups 



Fig. 35. Projection of Fig. 34 


A rotation of the asymmetric carbon atoms with respect to each other 
in the space model corresponds in the projection figure with a displacement 
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of each of the groups a, b and c to the next position. The projection formulae 
of the tartaric acids are as follows:— 


coon 


H 

HO 


OH 

H 


COOH 


HO 

H 


COOH 

-H 

-OH 

COOH 


C OOII 


HO 

HO 


-II 

-II 

COOH 


Fig. 36. 

dexlro -Tartaric acid 


Fig. 37 - 

/aceo-Tartaric acid 



uirso-Tartaric acid 


Fig. 36 and Fig. 37 represent optical antipodes. The space models of 
optical antipodes are not superimposable. This is expressed in the projection 
formulae because those for the two antipodes cannot be superimposed by 
rotation in the plane of the paper. It is arbitrarily assumed that Fig. 36 
represents the dextro-rotatory form. 

135. d-Tartaric acid COOHCHOHCHOHCOOH. 

This dextro-rotatory acid occurs in grape juice or must as the acid potas¬ 
sium salt COOKCHOHCHOHCOOH, which is sparingly soluble in water 
and very sparingly soluble in dilute alcohol. During fermentation of the 
juice, the salt settles out on the bottom of the vat along with the yeast. 
In order to prepare tartaric acid from this crude product, which is called 
ivim-lees or argol (the purified salt is called cream of tartar), it is boiled with 
dilute hydrochloric acid, then milk of lime is added when the acid is precip¬ 
itated as the calcium salt, calcium tartrate, CaC 4 H 4 0 6 , and this is con¬ 
verted into the free acid by treatment with sulphuric acid. 

Tartaric acid is readily soluble in water, less soluble in alcohol and insol¬ 
uble in ether. It crystallises without water of crystallisation in large trans¬ 
parent crystals; the rotation of a 20 % solution at 20° is -f 11.98°. On heating 
above the melting point (170°), it loses water and can be converted into 
various anhydrides depending on the temperature and the duration of 
heating. On heating to still higher temperatures, pyruvic acid (147) is 
formed and charring occurs. Tartaric acid can be converted into succinic 
acid by the action of certain bacteria. 

Tartaric acid is used industrially as an ingredient of foodstuffs, for pharmaceutical 
purposes and in the textile industries. When potassium hydrogen tartrate is boiled 
with antimony oxide and water, potassium antimonyl tartrate or tartar emetic, 
2 [K 0 2 CCH 0 HCH 0 HC 0 2 (Sb 0 )]*H 2 0 , on account of its emetic properties, is produced. 

A solution obtained by dissolving tartaric acid, copper sulphate and alkali 
(in excess) in water, is called Fehling’s solution. This is a useful reagent for 
testing the reducing power of many compounds. Reducing substances like 
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aldehydes, monosaccharides (159) produce yellow-red cuprous oxide (or a 

hydrate) from the deep blue solution. 

Fehling’s solution contains an alkali cupri-tartrate, in which the copper 
atom has replaced the hydrogen atoms of the alcoholic hydroxyl groups (I): 


H 

I 

/OCCOONa 
C u 

\OCCOONa 


Cu 


H O 

I 11 

O—C—C—O' 
o—1—c— O' 


H 


H O 
IT 


This follows from the fact that a neutral solution containing a mol. of alkali 
tartrate can dissolve a mol. of cupric hydroxide. Alkali cupri-tartrates may 
be obtained in the crystalline state, e.g. (C 4 H 2 0 6 Na 2 Cu).2H 2 0. The solution 
contains the complex anion II; it does not give most of the reactions for 
copper ions and on electrolysis the copper-containing anion is transferred 
to the anode. The colour of Fehling’s solution, which is much deeper blue 
than a solution of copper sulphate of equivalent concentration, also points 
to the presence of a complex copper-containing ion. 

l-Tarlaric acid is obtained from racemic acid. Except for the rotatory 
power, which is —11.98° for a 20 % solution at 20°, this acid has the same 
properties as its optical antipode. 

136. Racemic acid and meso-tartaric acid. When </-tartaric acid is heated 
with water at 165° for several days, small quantities of racemic acid and 
meso-tartaric acid are produced. When a solution of sodium r/-tartrate is 
boiled for some time with an excess of caustic soda, eventually it is converted 
completely into the sodium salt of racemic acid. 

In this case it appears that meso-tartaric acid is first produced and this 
is then converted into racemic acid (Holleman). It may be seen from the 
projection formulae (on page 213), that for the conversion of ^/-tartaric acid 
into meso-tartaric acid it is necessary for a rearrangement of groups to 
occur around one carbon atom only. When ^/-tartaric acid is converted into 
its optical antipode a rearrangement on both asymmetrical atoms is neces¬ 
sary. Hence for the formation of racemic acid, half the molecules of rf-tartaric 
acid must be converted into /-tartaric acid. 

Racemic acid is produced by mixing sufficiently concentrated solutions 
of d- and /-tartaric acids; heat is evolved and the much more sparingly 
soluble racemic acid crystallises out (Pasteur). From this it follows that 
racemic acid is to be considered as a molecular compound of d- and /-tartaric 
acids. In solution, racemic acid consists of a mixture of d- and /-forms as 
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appears from determinations of the depression of the freezing point. From 
a determination of the vapour density of esters of racemic acid it also follows 
that the vapour consists of a mixture of the optically active forms. 


Racemic acid, which is found as a by-product in the preparation of tartaric acid 
from argol, crystallises with a molecule of water of crystallisation. It melts at 204 3 
and differs in crystalline form from the active isomers. In addition, its salts have 
frequently a different content of water of crystallisation from the corresponding salts 
of the active acids. The sodium ammonium salts of d- and /-tartaric acids crystallise 
with four molecules of water of crystallisation ; the corresponding salt of racemic acid 
however has only one molecule of water of crystallisation. 

Meso-tartaric acid, which was discovered by Pasteur in 1853 , melts at 140 °. The 
acid potassium salt is more readily soluble in cold water than the corresponding 
salts of the other tartaric acids. Tartaric acid, racemic acid and mesotartaric acid 
can be recognised micro-chemically by the crystalline form of the calcium salts. Calcium 
racemate is much more difficultly soluble in water than the calcium salts of the other 
acids, so that a solution of racemic acid gives a turbidity with a solution of calcium 
sulphate, whereas the other acids do not. 


137. The views on the stereo-chemical structure of the tartaric acids is 
confirmed by the relationship, which exists between these acids and fumarie 
acid and maleic acid. 

By oxidation in aqueous solution with potassium permanganate, or pref¬ 
erably with potassium chlorate and osmium tetroxide as catalyst, maleic 
acid is converted into meso-tartaric acid and fumaric acid into racemic 
acid. This can be explained by assuming that in the addition of two hydroxyl 
groups to maleic acid, either bond 1,1' or bond 2,2' in Fig. 39 is broken, 
by which the configurations represented by Figs. 40 and 41 are produced. 
The corresponding projection formulae are shown in bigs. 40a and 41*7. 



Fig. 40. m^so-Tartaric acid Fig. 41. wcso-Tartaric acid 


Fig. 39. Maleic acid 
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Fig. 40a. Projection of Fig. 40 


Fig. 41a. Projection of Fig. 41 


Configurations 400 and 41a are identical, because when 40a is rotated in 
the plane of the paper through 180°, it coincides with 41 a - This figure 
represents the configuration of wi^so-tartaric acid (see Fig. 38). Thus, in this 
way maleic acid gives rise solely to wieso-tartaric acid. 

In the addition of two hydroxyl groups to fumaric acid, two kinds of 
molecule are produced according to whether the bond 1,1 or 2,2 in Fig. 42 
is broken; the configurations Fig. 43 and Fig. 44 are mirror-images, as is 
more clearly apparent in the projection formulae Figs. 43a and 44a. These 
are projection formulae of d- and /-tartaric acids, so that in this way dextro- 
and laevo-rotatory tartaric acids are produced from fumaric acid. 



Fig. 42. Fumaric acid 




Fig. 44. Racemic acid 
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Fig. 43a. Projection of Fig. 43 
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Fig. 44a. Projection of Fig. 44 


The addition of chlorine to neutral salts of fumaric and maleic acids in 
saturated sodium chloride solution is exactly similar to this addition of 
hydroxyl groups. 1,2-Dichloroethane 1,2-dicarboxylic acid, dichlorosuccinic 
acid (w£so-form), is produced from maleic acid and i'so-dichlorosuccinic acid. 
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the racemic form, which can be resolved into optical components, from 
fumaric acid. 


The resolution of mixtures of optical antipodes (racemic mixtures ) 

138. Since optical antipodes have the same melting point and boiling 
point, the same solubility and vapour pressure, etc., (37), special methods 
must be used for separating a mixture of d- and /-forms. 

The separation of an inactive mixture of optical antipodes into its optic¬ 
ally active components was first 
carried out by Pasteur (1850) on 
the sodium ammonium salt of 
racemic acid, 

C 8 H 8 0 12 Na 2 (NH 4 ) 2 .2H 2 0. 

He found that two kinds of crystal 
separated when a solution of this 
salt was allowed to crystallise 
slowly, which could be differ¬ 
entiated by the occurrence of 
hemihedral surfaces. The visible 
hemihedral surfaces in Figs. 45A 
and 45 b, are shaded and marked 
a. The crystalline forms behave 
like mirror images, which are not 
superimposable. Pasteur was 
able to separate these two kinds 
of crystals by sorting them mech¬ 
anically, i.e. by picking out the 
individual crystals of similar 
habit; one kind appeared to con¬ 
sist of the salt of dextro-rotatory 
tartaric acid and the other kind 
of the salt of laevo-rotatory 
tartaric acid. In this way two optical antipodes were obtained for the first 
time. Pasteur also prepared d- and /-tartaric acids from these salts and 
these also form hemihedral crystals as shown in Figs. 46A and 46B. 

Later on it was discovered (Van *t Hoff) that separate crystals of the 
d- and the /-tartrate separate from a solution of the sodium ammonium 
racemate only when the temperature is below 27 0 ; when the solution is 
evaporated above this temperature a racemic double salt of the d- and 
/-tartrates separates. The transition point is 27 0 : 



Fig. 45. Crystalline form of the sodium 

ammonium tartrates 



Fig. 46. d- and /-tartaric acids 
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2',C 1 H 1 0 # NaNH 4 .4H i 0) 
d- + J-NaNH 4 -tartrate 


C 8 H 8 0 12 Na a (NH*) t -2H # 0 + 6H s O. 
NaNH 4 racemate. 


Molecular compounds of two optical antipodes are called race,me com¬ 
pounds after the first discovered example, racemic acid. Racemic compounds 
exist only in the crystalline state. In liquid antipodes, in those cases which 
have been carefully examined, the same values have been found for the 
specific gravity, refractive index and viscosity for the mixture of equal 
quantities of the d- and /-forms, as for both antipodes separately. From 
this it may be concluded that a molecular compound between the antipodes 
is not formed in the liquid state. Mixtures of equal quantities of d- and 
/-forms are referred to as racemic mixtures or as (/./-forms. When crystals are 
being dealt with the mixture is referred to as a racemic conglomerate . 

A racemic compound and a racemic conglomerate may be distinguished in the fol¬ 
lowin'' way. A saturated solution is made of the crystals ((/./-form) under examination, 
which is of course optically inactive. If the solid substance consists of a con^lornc^te 
of crystals of the d- and /-forms, the solution is saturated with regard to both forms, 
hence if the solution is shaken with crystals of the d- or /-form, nothing further passes 
into solution and the liquid remains inactive. On the other hand, if a racemic compound 
is being dealt with, the solution is not saturated with respect to the d- or /-form, some 
of which passes into solution and the liquid becomes optically active. (Bakhuis 

Cases are also known in which mixed crystals of the optical antipodes separate 


(f>sci(do-raccmic mixed crystals). 

The equality in scalar properties (solubility, melting point, specific gravity, 
vapour pressure, etc.) of optical antipodes is in accordance with the molecules 
of these substances behaving as mirror-images. In both kinds of molecules 
all the mutual distances between the atoms are identical. If however an 
atom or a group of atoms in these optical antipodes is replaced by a group 
of atoms containing an asymmetric carbon atom, the resultant molecules 
are no longer mirror-images of each other, so that the newly formed substan¬ 
ces no longer have the same properties and may therefore be separated from 
each other, for example, by utilising a difference in solubility. 

Thus a racemic mixture of optically active acids can be resolved by 
preparing salts with an optically active base and separating them by 
crystallisation. The alkaloids (352), which frequently give well defined 
crystalline salts, are available as optically active bases. Racemic acid can 
be split up into its components by means of the (/-cinchonine salt, (359) 
since (/-cinchonine /-tartrate is more sparingly soluble than (/-cinchonine 
(/-tartrate. (The optical antipode of (/-cinchonine (/-tartrate would be /-cin¬ 
chonine /-tartrate). The optically active tartaric acids are obtained by 
decomposing the cinchonine salts. In the same way (/./-lactic acid can be 
resolved into its optical antipodes through the strychnine salts. 
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A racemic mixture of the d- and /-forms of an optically active base can 
be separated by preparing salts with an optically active acid. This second 
method of resolving racemic mixtures, which was also discovered by 
Pasteur, is much more frequently employed than the method depending 
on the sorting of hemihedral crystals, since well-formed crystals can be 
obtained only in a few cases. 

Optically active alcohols can be esterificd with an optically active acid; 
the esters of {/-alcohol with {/-acid and of /-alcohol with {/-acid can be separat¬ 
ed. Also the velocity of esterification of {/-acid with /-alcohol is different from 
that of /-acid with /-alcohol. 

On heating {/,/-mandelic acid (265) with the optically active alcohol, /- 
menthol, (295) for an hour, both active mandelic acids are partially converted 
into the menthyl esters; the remaining mandelic acid shows a laevo-rotation, 
from which it follows, that {/-mandelic acid is esterified more quickly than 
/-mandelic acid by /-menthol. 

In agreement with this, the menthyl ester gave mandelic acid with a 
dextro-rotation on hydrolysis (Marckwald and Mackenzie). 

Optical antipodes may show' a different behaviour towards different kinds 
of moulds and bacteria and in biochemical reactions in general. This very 
important fact for biology w r as also discovered by Pasteur, who based a 
method on it for obtaining one of the optical antipodes of a racemic mixture. 

When penicillium glancum is grown in a dilute solution of ammonium 
racemate, the solution becomes laevo-rotatory since ammonium {/-tartrate 
is decomposed by the mould while the /-tartrate is not; the same mould 
decomposes /-lactic acid so that the {/-form remains behind from a solution 
of {/./-lactic acid, bacillus acidi laevolactici however, decomposes the {/-form 
of lactic acid. 

In biochemical processes in which the action of micro-organisms on optic¬ 
ally active substances play a part, the latter may react with constituents 
of the living cell, which themselves have an asymmetrical structure. The 
different behaviour of antipodes in a biochemical sense is therefore analogous 
to the difference in reactivity of antipodes in reactions w ith another optically 
active substance, mentioned above. 

Optically active compounds in which the asymmetry depends on an atom of 
another element than carbon 

139. Optically active silicon compounds. Since the silicon atom has four 
valency electrons in the outer shell, the compound SiR 4 (52) has a tetra¬ 
hedral structure like CR 4 . It is to be expected therefore, that a compound 
in w'hich the silicon atom is attached to four different groups, w r ould occur 
in optically active forms. An example of this has actually been found 
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(Challenger and Kipping). The d,l-i orm of this tetra-substituted silane 

c 2 h 5 

C,H S CH,—Si— CHj—C«H 4 S0 3 H 
i.H, 

was resolved into its optical components through the brucine salts. 

Optically active ammonium compounds. From the dipole moment of 
ammonia (tx = 1.44) and from an examination of the infra-red spectrum 
it has been concluded that the hydrogen atoms and the nitrogen atom in 
NH 3 do not lie in one plane, but that this molecule has a pyramidal structure 
in which the N-atom occupies the top and the hydrogen atoms the three 
corners of the base of the pyramid. The angles between the N—H bonds 
are 107°; the distance between N and H is 1.02 A. Since the amines have 
been found to possess dipole moments, e.g. p. — I- 3 1 f° r CH 3 NH 2 , [x = 0.96 
for (CH 3 )oNH. and |x = 0.70 for (CH 3 ) 3 N, it is assumed that these compounds 
also possess a pyramidal structure. It would be expected therefore that it 
should be possible to split tertiary amines of the type NRxRaRa ^ nto optically 
active components, since two mirror-image forms can be set out for such 

molecules. 



Notwithstanding many attempts with this end in view, no one has yet 
succeeded in obtaining such tertiary amines in optically active forms. It 
is assumed therefore that optically active compounds of this type racemise 
very quickly, because the N-atom can take up two positions viz. above 
and below the plane R 1 R 2 R 3 . (Meisenheimer; Ketelaar). 

This mode of racemisation will not occur when a nitrogen atom forms part of two 
lings, as is the case in compound I below (TrOger’s base). This substance can be 
obtained by condensation of £-toluidinc with formaldehyde with the elimination of 
water. The heterocyclic rings A and B, occurring in this molecule, cannot lie in one 
plane, since this would produce too great a strain. When a strain-free space model is 
constructed, it appears that two noncongruent mirror-images (II and III) are pos¬ 
sible, which correspond with two optical antipodes. 
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The tertiary amine grouping NRjR 2 R 3 occurs twice in the molecule. The amine 
nitrogen atom is situated at the top of a three sided pyramid ; the corners of the base 
of this pyramid arc occupied by three different groups. In fact Prhlog and Wikland 
succeeded in resolving this base into optical components in 194.4. l' or this purpose 
they used a new method of resolution which is an extension of the method of chromato¬ 
graphic adsorption (308). 

A solution of the d,l -base in light petroleum is allowed to flow through a column of 
finely powdered milk-sugar (^/-lactose) on which it is adsorbed. 

By fractional eluation with light petroleum the first fractions obtained from the 
filtrate contain mainly the r/-base and the later fractions contain the /-base. This 
separation depends on the fact that of the two antipodes one is adsorbed more firmly 
than the other on the asymmetric adsorbent. 

In the quaternary ammonium ions (47) of the type (NR 4 ) + it is assumed 
that the four groups of atoms are arranged tetrahedrally around the nitrogen 
atom. It would be expected therefore, that quaternary ammonium salts of 
the type [NRjR 2 R 3 RJX should be resolvable into optically active compon¬ 
ents. Many examples of such cases are known (Pope and Peachy; Jones), 
e.g.: 


in which R represents either C 2 H 6 , 
n- C 3 H 7 , zso-C 3 H 7 , n- C 4 H 9 or 
*so-C 4 H 9 . 

Another proof of the tetrahedral arrangement of the N—C bonds in 
quaternary ammonium salts is given in 332. 

Optically active amine-oxides. The spatial configuration of the amine-oxides 
(Rj)NO (49) is similar to that of the tetra-alkylammonium ion. The three groups R 
and the oxygen atom are arranged tetrahedrally around the nitrogen atom. An amine- 
oxide in which the groups R are different from one another, can occur therefore, in 
two mirror-image forms. 

Ri 

• • 


:o 

R 3 

It has indeed been possible to resolve the amine-oxides (CH 3 ) (C 2 H 6 ) (CH 2 =CHCH 2 )NO 
and (CH 3 ) (C 2 H 6 ) (C c H 6 )NO into their optical components through the rf-bromocamphor 
sulphonates (Meisenheimer). 







222 COMPOUNDS WITH TWO OK MORE FUNCTIONAL GROUPS CH. 8 
It has also been possible to obtain phosphine-oxides (51) like methylethylphenyl- 

CH, 


phosphine -oxide. 


H 5 C 2 —P—c # h 5 
O 


in optically active forms. .. 

These compounds must be similar in structure to the amme-ox.des. Optically active 

arsenic compounds <irc also known. 

140. Cis-trans isomerism in oximes. According to a theory proposed by 
A. Werner and A. Hantzsch in 1891, the stereochemical structure of an 

oxime may be represented as annexed. 

The double bond between N and C lies in the plane of the 
paper, while the bond between N and HO lies either in front 
of or behind the plane of the drawing. This stereochemical 
model is in agreement with views on the stereochemical 


N 


HO 


R, 


% 

R 


structure of the amines. The bonds C—Rj and C R 2 lie 


in a plane perpendicular to the plane of the paper, so that 
group R 2 will lie in front and group R x behind this plane. It is clear that 
when groups R 1 and R 2 are dissimilar, two stereoisomeric forms can occur 
which are to be considered as cis- and ^raws-forms like those met with 
in the cis-trans- isomerism of ethene derivatives. Examples of cis-trans - 

isomers in oximes are discussed in 259. 

C/s-/m»s-isomers in azobenzene (249) and diazo-compounds (248) may 

be explained in a similar way. 

The stereochemical structure of hydrogen cyanide and the carhonitnles is 
similar to that of the alkynes. The directions of the bonding forces of the 
triple bond between C and N lie in one plane. The single bond between 
C and H or between C and R lies in the same plane. Hence hydrogen cyanide 
has a linear structure H—C=N, like ethyne (acetylene). 

141. Optically active sulphur-compounds. The structure of the sulphonium ion (44) 
in space, can be so represented that the sulphur atom is situated at the centre of a 
tetrahedron. Three of the corners are occupied by groups of atoms and the fourth 
by a pair of electrons. If the three groups of atoms are all different from one another, 
then an asymmetric structure is produced. Indeed it has been possible to prepare 
such a sulphonium compound and to resolve the d ,/-form into optically active compon¬ 
ents (W. J. Pope, 1900). 


CH, 

H,CH,C:S: + BrCH.COOH 


CH, 

H 8 CH,C :S: 

CH, 


C OOHj 


+ 


(I) 


Mcthylethylcarboxymethylsulphonium bromide, I, which consisted of the <i,/-form, was 
converted by means of silver c/-camphorsulphonate (C 10 H 16 O)OSO 2 Ag into a mixture 
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of stcrco-isomcric sulphonium salts of this acid. In this reaction the I 3 r in compound I 
was replaced by the asymmetrical anion (C 10 II l5 O) OSO ? . ^/-(Methylethylcarboxymeth- 
ylsulphonium)-rf-camphorsu]phonate was eventually isolated by repeated recrvstal- 
lisation of the mixture of sulphonium rf-camphorsulphonates. After replacing the 
anion of the camphorsulphonic acid by an optically inactive anion, a dextro-rotatory 
sulphonium salt is obtained in which the sulphonium cation is the seat of the optical 
activity. 

In a similar way, ternary selenium and tellurium salts, e.g., 

~ ch 3 - 

H s CC.H 4 :Tc:C«H e I. 

• • __ 

have been obtained in optically active froms. 

It is also noteworthy that a sulphoxide has been prepared in optically active forms 
by Kenyon and Philips, viz.: 

/C e H,COOH C,H 4 COOH 

0=S or 0<- S:CH, 

NCH, 

I II 

This cannot be explained on the classical formula I with a doubly bound oxygen 
atom but it is clear from the electronic formula II. 

The determination of the stereochemical configuration of optically active 
compounds 

142. For the absolute determination of the configuration of two optically 
active antipodes it would be necessary to know which of the two space 
models represents the laevo-rotatory form and which the dextro-rotatory 
form; this is not yet possible. 

Although many researches have been directed towards finding the rela¬ 
tionship between the size and the sign of the optical rotation and the nature 
of the groups, which are arranged about the asymmetric carbon atom, it 
is as yet impossible to give generally valid rules for this purpose. 

It is, however, possible to decide whether two different compounds, each 
of which contain one or more asymmetric carbon atoms, have a similar 
configuration. This method for determining the relative stereochemical config¬ 
uration, which has been employed in a number of cases by Freudenberg, 
for example, will be illustrated by a few examples. Before doing so, a remark 
must be made on the connection between rotatory power and configuration. 
There might be a tendency to assume that compounds with a similar config¬ 
uration around the asymmetric carbon atom should agree in rotatory 
power; this is not the case however. 

Amyl alcohol, obtained by fermentation, is laevo-rotatory, its acetate 
is dextro-rotatory; the laevo-rotatory alcohol is recovered when the 
dextro-rotatory ester is hydrolysed. Natural tartaric acid is dextro- 
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rotatory like dimethyl tartrate. The dimethyl ester of diacetyltartanc acid, 
H 3 COOCCHO(COCH3)CHO(COCH 3 )COOCH3, however, is laevo-rotatory. 

Both the absolute magnitude and the sign of the optical rotation are 
influenced very strongly by the nature of the groups arranged around the 
asymmetric carbon atom. Hence it is not possible to conclude whether or 
not two asymmetric compounds have a similar configuration by comparing 
the rotatory powers. To do this, use must be made of suitably chosen 

chemical reactions. . 

Dextro-rotatory glyceraldehyde is chosen as the starting pom . 

compound was obtained by Wohl and Momber by a method of synthesis 
which allowed of its resolution into optical antipodes. The configuration 
■riven below was then allotted arbitrarily to the dextro-rotatory glyceralde¬ 
hyde, which was designated as d{+ )glyceraldehyde, the letter d (dexter) 

referring to the configuration and 


H 




0 


Y° 


H—C —OH 


H HOCHp 0 H 


CHjOH 


space formula b. projection formula 

of d ( + ) glyceraldehyde 


the s ign indicating that the 
substance is dextro-rotatory. 

In a the thinly drawn line (i) lies 
in, the dotted line behind, and the 
thick lines (2 and 3) in front of the 
plane of the paper. In agreement 
with a proposal made by E. 

Fischer (compare 134) the lines . 

lying in front of the plane of the paper are represented by horizontal 

lines in the projection formula 6; lines which lie in or behmd the plane of 

the paper are placed along the vertical in 6. 

On oxidation of dextro-rotatory glyceraldehyde an optically active glyc¬ 
eric acid is produced, which is laevo-rotatory. In this oxidation the H-atom 
in the aldehyde group is replaced by an OH-group. Thus this replacement 
has not taken place on the asymmetric carbon atom; therefore there is no 
rearrangement of groups about this carbon atom (compare 143). « is 


HO 




0 


HO \ 


H C OH 


assumed therefore that laevo-rota¬ 
tory glyceric acid has the same con¬ 
figuration as glyceraldehyde 

and it is therefore designated d (—) 
glyceric acid. 

By applying the cyanhydrin syn¬ 
thesis followed by hydrolysis of the 
CN-group and oxidation of the 
CH 2 OH-group, laevo-rotatory tar¬ 
taric acid is produced along with mcso-tartaric acid from r/-glyceraldehyde, 
so that the following configuration is given to laevo-tartaric acid; 


H 


H0CH 2 0H 

d {—) glyceric acid. 


CH,OH 
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H O 


CN 


COOH 

\f 


1 


1 

C 

HO 

C—H 

HO 

C H 

| 

H C OH + HCN - 

H 

— C OH 

I 

—> H 

C — O H 

ch 2 oh 


1 

CH.OH 


COOH 

rf-glyccraldchyde 



laevo-rotatory tartaric acid. 


Thus laevo-rotatory tartaric acid should be designated </(-)-tartaric acid; 
since, however, dextro-rotatory tartaric acid, occurring widely distributed 
in the vegetable kingdom, has been called ^/-tartaric acid since olden times, 
the prefix d- is retained for this compound and the two optically active 
tartaric acids are designated as follows: 


COOH 

I 

H—C—OH 

I 

HO—C—H 
COOH 

d( + ) -tartaric acid 
(dextro-rotatory) 


COOH 

I 

HO—C—H 

I 

H—C—OH 
COOH 

/(—)-tartaric acid, 
(laevo-rotatory) 


The Walden inversion 

143, In the conversion of optically active halogeno-acids into hydroxy-acids, optic¬ 
ally active acids of opposite rotation can be obtained depending on the reagent used. 
This phenomenon was discovered by P. Walden. From /-chlorosuccinic acid he obtain¬ 
ed /-malic acid by the action of moist silver oxide and (/-malic acid by the action of 
potassium, sodium or ammonium hydroxides: 


/-chlorosuccinic acid 


(/-malic acid 


KOH 

< 

AgOH 


"^/-malic acid. 


In one of these reactions a rearrangement of the groups around the asymmetric 
carbon atom must have taken place. It cannot be decided whether this happens during 
the action with KOH or during the reaction with AgOH. 

Walden was able to convert /-and (/-chlorosuccinic acids one into the other, at 
will, by the following reactions: 

PC1 5 

/-chlorosuccinic acid <— (/-malic acid 
AgOH I t AgOH 

/-malic acid —>■ (/-chlorosuccinic acid. 

PC1 5 

Thus in this cycle of reactions an alteration in the arrangement of the groups around 
the asymmetric carbon atom has taken place twice. This alteration, which occurs 
during a substitution reaction, is called the Walden inversion. Examples of this are 
found in various classes of compounds, e.g. in the reactions of amino-acids (E. F ischer). 
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NH 3 

rf-alanine —> d-bromopropionic acid 
NOBr 1 t NOBr 

Z-bromopropionic acid Z-alanine 

NH, 

In these successive reactions an optically active substance is converted into its 
optical antipode without a racemic mixture being produced as an intermediate product. 

Of the various researches from which an insight into the mechanism of the Walden 
inversion can be obtained, the following will be mentioned. 

An optically active alkyl iodide, e.g. r/-scc. octyl iodide (CH 3 )(C # H 13 )CHI, undergoes 
racemisation in a solution of sodium iodide in acetone; this racemisation goes parallel 
with an exchange between an iodide-ion and the iodine atom combined in the octyl 
iodide. This is shown by carrying out the experiment with sodium iodide containing 
a certain proportion of a radioactive isotope of iodine I* ; after some tune the isolated 
octyl iodide contains radioactive iodine. In this way the velocity of the exchange 
reaction: 

C„H 17 I + IJ C 8 Hi 7 I* + I" 

can be measured. This velocity is found to be the same as the velocity of racemisation 
of </-sec.octyl iodide under the influence of iodide-ions. From this it follows that 
racemisation is connected with a replacement. On the basis of calculations, it is 
assumed that the iodide-ion approaches the octyl iodide molecule on the positive side 
of the dipole C(+) — 1 (—). The iodide-ion becomes attached as an iodine atom, while 
the iodine atom originally present is repelled as an ion. From the figures given below 
it is clear that this goes parallel with a change in the configuration. 



Since the exchange between iodine atom and iodide-ion is reversible, configuration (II) 
can, in the same way, change over into (I), so that finally a racemic mixture is produced. 

However, if the iodine atom in the alkyl iodide is replaced by a hydroxyl-group, e.g. 
by the action of potassium hydroxide, a corresponding mechanism can be assumed, 
in which an OH - ion approaches the alkyl iodide molecule on the positive side of the 
dipole C(+) — I(_) (HI). 

Since the replacement of I by OH under these conditions is not reversible, configu¬ 
ration (IV) remains in existence, so that a Walden inversion takes place. 

In this connection it should be mentioned that the occurrence or non-occurrence 
of a Walden inversion depends on the experimental conditions, which are not yet 
susceptible to a theoretical treatment. Thus </-aminophenylacetic acid is produced 
from /-phenylchloroacctic acid by treatment with dilute ammonia, but /-aminophenyl- 
acctic acid by adding liquid ammonia (Senter) : 

C,H 6 CHClCOOH + 2NH, —> C,H,CH(NH,)COOH + NH 4 C1. 

It is not possible to predict whether or not a Walden inversion will occur in a 
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particular reaction. It is found by experience that the occurrence of the Walden 
inversion is limited to those reactions in which direct replacement on the asymmetric 
carbon atom takes place. If a replacement in an optically active compound takes 
place in such a way that the valency bonds radiating from the asymmetric carbon 
atom are not concerned, then experience shows that the arrangement of the groups 
around the asymmetric carbon atom is unaltered. 


(d) Polybasic Jiydroxy-acids 

144. Of these acids only the tribasic acid, citric acid, C 6 H 8 0 7 , is mentioned. 
This acid occurs in various fruits, e.g. in lemons to the extent of 6—7 %, in 
apples, berries, etc. It is prepared from the juice of unripe lemons. From 
this material sugar is first removed by fermentation and then the citric 
acid is separated as the calcium salt, which is readily soluble in cold water 
but very sparingly soluble in hot. Another technical method of preparing 
citric acid is by the action of certain species of mould ( citromyces ) on glucose, 
a 50 % yield of citric acid being obtained. 

The structure of citric acid follows from the following synthesis (Grimaux). 

1.3- Dichloropropanol-2 is con verted into 1,3-dichloropropanone by oxidation ; 
after addition of hydrogen cyanide and hydrolysis of the nitrile so obtained, 
this ketone gives a hydroxy-acid, from which a dinitrile is produced by 
treatment with potassium cyanide; this dinitrile is converted, on hydrolysis, 
into citric acid, 2-hydroxypropane 1,2,3-tricarboxylic acid: 

OH 

I 

CH0CICOCH0CI —>■ CHnCl—C—CH.Cl 

I 

CM 

1 . 3 - dichloropropanone nitrile 


OH CH.CN CHgCOOH 

| l/OH |^OH 

CH,C1—C — CH.C1—>• C —>C 

| ' I^COOH |^COOH 

COOH ch 2 cn ch 2 cooh 

citric acid or 
2 -hydroxypropane 
1 , 2 , 3 -tricarboxylic acid. 


Triethyl citrate can react with acetyl chloride with the formation of an 
acetyl compound showing that the acid contains an alcoholic h}'droxyl 
group. Citric acid is readily soluble in water and alcohol, crystallises with 
one molecule of water of crystallisation and melts at 153 0 when anhydrous. 
It is used for the preparation of lemonade and cordials and also in calico 
printing. 


(viU) POLY-ALDEHYDES AND POLY-KETONES 

145. The simplest poly-aldehyde is the dialdehyde glyoxal or ethanedial, 
which is built up of two aldehyde groups, CHOCHO. 
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This compound can be prepared by the slow oxidation of ethyl alcohol with dilute 
nitric acid, when glycollic acid, oxalic acid and other products are produced as well as 
glyoxal. Glyoxal is also produced by the action of ozone on acetylene. Ethanedial 
is obtained in the form of a polymer, as a colourless, amorphous mass, which if still 
moist very easily dissolves in water, but after drying in vacuo at no° it passes into 
solution only very slowly and then behaves like the monomeric compound. On distilling 
the polymer with phosphorus pentoxidc, an emerald green gas is formed, which condenses 
on powerful cooling to yellow crystals, which become colourless on cooling still further. 
These crystals melt at 15 0 to a yellow liquid boiling at 51 0 . This is monomolecular 
ethanedial, which is very unstable. Traces of water produce the polymer, which can 
be depolymcrised again by boiling with acetic anhydride. 

Ethanedial is the simplest coloured compound consisting only of carbon, hydrogen 

and oxygen. 


It shows all the reactions of aldehydes (59). Its structure as a difunctional 
aldehyde follows from the addition of two molecules of sodium bisulphite, 
from the formation of a dioxime and from the formation of oxalic acid 
by taking up two atoms of oxygen. 

On treating ethanedial with potash, a molecule of water is taken up 
with the formation of the potassium salt of hydroxymethane carboxylic acid 
(glycollic acid). This is an example of the Cannizzaro reaction (61): 

o h 2 o koh 

C-C^ —> C H,OHC OOH —► CH,OHCOOK + H a O. 

\H\ H 


146. Diones, diketones. Substances in which two carbonyl groups occur, 
are classified as 1,2-, 1,3-, 1,4-diketones, etc. 

1,2-Diones are obtained by the interaction of amyl nitrite and a little 
hydrochloric acid on ketones. Nitrosyl chloride NOC 1 , is first produced, which 
reacts on the ketone, e.g. butanone, with the formation of an isonitrosoketone 
and hydrochloric acid, the oxime grouping taking the place of a hydrogen 
atom in the CH 2 -group situated next to the carbonyl group: 


CH,COCH t CHj -f NOCi—>- CHjCOCCH, + HC1. 

NOH 

Isonitrosoketones are produced also by the action of nitrous acid on 
ketones; they are decomposed, however, by an excess of nitrous acid, hence 
the former method of preparation is to be preferred. 

The diketone, butan-2,3~dione, diacetyl CH 3 COCOCH 3 , is obtained from 
the oxime along with hydroxylamine, by boiling Math dilute sulphuric acid: 


CHjCOCCH, + H,0 —> CH,COCOCH, + NH,OH. 


I 

NOH 


diacctyl 


liydroxylamiDC 
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Keto-aldehydes, containing the group —COCHO, can be made in a similar 
way. 

Diacetyl is a yellow liquid soluble in water, b.p. So°, spec. grav. 0.973 at 
20 0 . The dioxime derived from it, dimeihylglyoxime, is a sensitive reagent 
for nickel ions, it forms a red nickel compound insoluble in water. Diacetyl 
occurs in very small quantities in butter and is mainly responsible for its 
flavour (Van Niel, Kluyver and Dekx). 

Diacetyl adds on two molecules of hydrogen cyanide, gives a mono- and 
a di-oxime and behaves exactly like a substance with two carbonyl groups. 
A quantitative yield of acetic acid is produced by the action of hydrogen 
peroxide. From this it follows that the two carbonyl groups are situated 
next to one another: 


CII3C0 COCH3 



+ HO OH 


2 CH 3 COOH. 


1,3-Dioncs. These substances are prepared by the method of Claisen 
and Wislicenus, which is widely applicable and consists of condensing 
ketones with esters in the presence of sodium ethylate as condensing agent. 
Sodium or sodamide may be used for the same purpose. Claisen represented 
the course of the reaction in such a way that an intermediate addition 
product is formed, which is not isolated; this then reacts with a ketone 
RCOCH3 containing a methyl group, in such a way that two molecules of 
alcohol are eliminated with the formation of a condensation product: 


.,0 /ONa H\ /ONa 

RC + CtHjONa—>-RC —OC 2 H 5 + CHCOR,->RC + 2C 2 H 6 OH —>• 

\OC a H s NOC,H 5 H''''' ^CHCOR, 

—> RC 

NCHjCORj 

1 , 3 -dione. 

By the action of dilute sulphuric acid a substance should be produced with 
an OH-group attached to a doubly bound carbon atom; however, the 
grouping HO—C = CH— passes over into—COCH 2 —with the production, 

I 

in this case, of a 1,3-dione. 

1,3-Diones can also be obtained in the following way. By the action of an acid 
chloride on the sodium derivative of an alkyne, an unsaturated ketone is obtained, 
which takes up water, under the action of concentrated sulphuric acid, with the 
production of a dione: 

CH J (CH,) 1 C=CNa + C10CCH 3 —>■ C H 3 (C H 2 ) 4 Cz=C C O C H 3 + NaCl 
Na-heptyne-i acetyl chloride 3 -nonyn- 2 -one 
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CH j (CH 1 ) 1 C=CCOCH 3 + H z O —> CHjfCNjjjCOCHjCOCHj. 

nonan- 2 , 4 -dione. 

It is found that in diones which contain a methene group situated between 
two carbonyl groups, the hydrogen atoms in this CH 2 -group are replaceable 
by metals. This is proved by the fact that diones of the composition 
RCOC(R)XOK 1 do not form metal compounds. Thus diones of the type 
RCOCHoCOR! have the character of very weak acids. 

Pentan-2,4-dionc, acetylacetone, CH 3 COCH 2 COCH 3 , is obtained by the 
method of Claisen and Wislicenus by the condensation of ethyl acetate 
with acetone. It is a colourless liquid with a pleasant smell, boiling at 127 0 
and with a spec. grav. of 0.979 at 14 0 . It is split up into acetone and acetic 
acid by boiling with water. This is an example of a compound, which (because 
it contains a carbon atom attached to negative groups) is easily decomposed 
by water (compare 128, 129). 

Acetylacetone gives salts with practically all metals. In the alkali salts the metal 
atom is ionogenically combined to the oxygen atom of the enol group. The alkali 
salts are unstable; the sodium salt is decomposed by water into acetone and sodium 
acetate. 

In the salts of aluminium, copper and many other heavy metals, the metal atom is 
combined as a complex. These salts are readily soluble in non-polar solvents like 
chloroform or benzene but slightly soluble in water. They are dissociated to a slight 
extent only in the latter solvent. These salts are stable compounds; many of them 
can be distilled without decomposition; the vapour densities of the aluminium salt and 
the beryllium salt can be determined and from the results it is possible to derive the 
valency of these metals in the compounds A 1 (C 6 H 7 0 2 ) 3 and Bc(C b H 7 0 2 ) 2 . 

These compounds are looked upon its internal complex salts in which the metal 
atom forms part of two (or more) heterocyclic six-rings (I): 


H 3 C 




c — 


HC 

h 3 c 


°\ 

Cu 

O'' ''O 
(I) 


CH, 

CH» 

O'' 

CH, 


HOOC 

^ C -°\ 
HC Be 


(II) 


O— 


COOH 

Sh 


c=o' 

H*C, 


0 = 


C 
C.H* 


A similar formula holds for the beryllium salt with a coordination number of 4. 

With acomplex beryllium compound from ben zoylpyru vie acid C 6 H B COCH 2 COCOOH, 
it has been shown that it is resolvable into optical antipodes. From this it follows that 
the oxygen atoms are arranged around the beryllium atom in the form of a tetrahedron 
in agreement with formula (II) (Mills). 

For similar complex compounds from amino-acids see 194 and from boric acid 
see 168. 

i,4-Diones. Acelonylacetone or hcxan-2,5-dione is a colourless liquid, b.p. 
190°, spec. grav. 0.979 at 2I °. with a pleasant smell. For its preparation 
see 148. Various compounds with closed chains of atoms may be obtained 
from 1,4-diketones; these will be discussed in 311, 312 and 313. 
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(ix) ALDEHYDIC AND KETONIC ACIDS 

147. Ethanol acid, glyoxylic acid, C 00 HCH 0 .iH., 0 , is the first member 
of the series of aldehydic acids. This acid occurs in unripe fruits. It is obtained 
by heating dibromoacetic acid, CHBr 2 COOH, with water or by the electro¬ 
lytic reduction of oxalic acid. 

Glyoxylic acid possesses all the properties of the aldehydes (60) (reducing 
power, additive properties, ability to form oximes, etc.). On boiling with 
alkalis, it is converted into the salts of glycollic and oxalic acids, a trans¬ 
formation in accordance with the Cannizzaro reaction (61) taking place: 

COOHCHO + H s O + OHC C OOH —>■ COOHCH 2 OH + COOHCOOH. 
glyoxylic acid glycollic acid oxalic acid 


Glyoxylic acid and its salts cannot be made to lose the molecule of water 
of crystallisation without decomposition, so that it is assumed that this 
water is chemically combined as in chloral hydrate (128) and mesoxalic 
acid (148). The formula is therefore CH(OH) 2 COOH. In these substances 
the group —CHO or >CO is under the influence of a negative group, viz. 
COOH and CC 1 3 . 

a -Ketopropionic acid, pyruvic acid, CH 3 COCOOH, is the first member 
of the series of a-ketonic acids. The following is a general method for pre¬ 
paring i-keto-acids. The corresponding carbonitrile, which is converted into 
the a-keto-acid by hydrolysis, is produced from an acid chloride and 
potassium cyanide. Pyruvic acid can be produced by hydrolysis of the 
carbonitrile obtained from acetyl chloride and potassium cyanide according 
to the scheme: CH 3 COCl —> CH 3 COCN —► CH 3 COCOOH. 

Pyruvic acid is actually prepared from racemic acid or tartaric acid by 
distillation with acid potassium sulphate: 

COOHCHOHCHOHCOOH- 

coohchohch 2 oh — h 2 o 

Since glyceric acid also forms pyruvic acid on heating with potassium 
bisulphate, it is probable, that in the above method of formation from 
racemic acid, glyceric acid is first produced by elimination of carbon dioxide, 
and this is then converted into pyruvic acid by loss of a molecule of water. 

Pyruvic acid melts at 13 0 and boils at 165°; the spec. grav. is 1.27 at 20°; it is 
miscible in all proportions with water. It is much stronger than propionic acid for, 
k = 0.0000134 for propionic acid and 0.0036 for pyruvic acid. This is due to the effect 
of the negative carbonyl group adjacent to the carboxyl group. 


CO, -I- COOHCHOHCHjOH 

glyceric acid 

► COOHC(OH)=CH 2 — 


COOHCOCH 3 
pyruvic acid 
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Pyruvic acid possesses all the properties of a ketone (64). It is easily 
recognized by the very sparingly soluble phenylhydrazone, which crystallises 
in beautiful long needles. The acid gives an intense orange-yellow colour 
with ferric salts. It is decomposed by warming with concentrated sulphuric 
acid, carbon monoxide is evolved. This is a general reaction for a-keto-acids. 

Propanone carboxylic acid, $-keto-butyric acid, acetoacetic acid, is a p-keto- 
acid CH c COCH 2 COOH. which is itself of very little importance. It occurs in 
the urine of sufferers from diabetes and is sometimes called diacetic acid in 

medicine. 

148. Its ethyl ester, ethyl acetoacetate, which was synthesized by Geuther 
as early as 1865, is of very great importance however. The sodium compound 
of ethyl acetoacetate is prepared by the Claisen condensation (146) by 
treating ethyl acetate with sodium ethylate; for this purpose a preparation of 
ethyl acetate is used in which a little ethanol is present; when this is warmed 
with one equivalent of sodium, it produces sodium alcoholate which then 
acts as a condensing agent: 


2 CH,COOC,H 5 + NaOC 2 Hj 



CH 3 C(ONa)=CHC OOC 2 H 5 + 2 C,H 6 OH. 


On treating the mixture with acetic acid, ethyl acetoacetate is produced: 

CH 3 C(ONa) —CHCOOCjH 5 + CH 3 COOH—► CH,C(OH)=CHCOOC 1 H 6 —>• 

—> CH 3 COCH 2 COOC t H 6 . 
ethyl acetoacetate 


This is again an example where the grouping —C(OH)=CH— passes over 
into —CO—CH.>—. (146). 

Ethyl acetoacetate is a colourless liquid with a pleasant smell, b.p. 181 0 , 
spec. grav. 1.030 at 15 0 . It is slightly soluble in water and gives a bluish red 
colour with a solution of ferric chloride. 

When ethyl acetoacetate is heated with dilute sulphuric acid or with a 
dilute solution of alkali in water, acetone, carbon dioxide and alcohol are 
produced. This is called ketone fission: 

CHjCOCHj COOC,H 6 

—> CHjCOCH, + CO, + C,H 6 OH. 

H OH ketone 

When, however, ethyl acetoacetate is warmed with very concentrated alco¬ 
holic caustic alkali, acetic acid and ethyl alcohol are produced. This is 
known as acid fission: 

CH,CO CHjCOO C,H S 

CH,COOH + CH.COOH+ C,H,OH. 

acid 


OH H + H OH 
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The hydrogen atoms in the CH, group in ethyl acetoacetate are replaceable 
by various groups. Alkyl groups can be introduced by the action of alkyl 
halides on the sodium compound of ethyl acetoacetate: 

x k 

I 

CIIjCfONa)- CHCOOC,H 5 + HX—> C II 3 C (O.Ya)C HC OOC ,Hj . 


This addition product splits off NaX and a homologue of ethyl acetoace¬ 
tate, viz. CH 3 COCHRCOOC 2 H 5 . is produced. The remaining hydrogen atom 
in the group —CHR may again be substituted by an alkyl residue in the 
same way, giving compounds of the type CH 3 COC(R 1 R 2 )COOC 2 I I 5 - When 
the compounds so obtained are subjected to a ketone fission, homologucs of 
acetone are produced, while application of the acid fission, produces homo- 
logues of acetic acid. Thus ethyl acetoacetate may be used as the starting 
material for the synthesis of many ketones and alkane carboxylic acids. 

1. Preparation of hexane 2-carboxylic acid (see also 161). By the action 
of w-butyl iodide on the sodium derivative of ethyl acetoacetate, ethyl butyl- 
acetoacetate is produced, from which ethyl methylbutylacetoacetate is 
obtained by subsequent interaction with methyl iodide. Hexane 2-carboxylic 
acid is then produced from this compound by acid fission: 

CH 3 C(ONa)=CHCOOC jHj + IC 1 H 9 -*CH 3 C(ONa)-CHCOOC 2 H s ^CH 3 COCHCOOC 2 H i -f 

I C 4 H 9 c 4 h„ 

Na H /COOC 2 Hj 

+ N a l — > CH 3 C(ONa) = CCOOC 2 H 5 + CH 3 I —► CH,C(ONa) C— C 4 H 9 

I I \ch 3 

c 4 h # I 

/COOC 2 H s ^C 4 II 9 

-»CH 3 COC-C,H, acid fission CH S CH + CH 3 COOH. 

\CH 3 -\COOH 

ethyl methylbutylacetoacetate methyl M-butylacctic acid 

hexane 2 -carboxylic acid. 


2. Preparation of 1,4-diones ( diketones ). By the action of iodine on the 
sodium derivative of ethyl acetoacetate, two molecules combine and by 
splitting off two molecules of sodium iodide an ester, diethyl hexan-2,5~dione 
3,4-dicarboxylate, diethyl diacetylsuccinate, is produced, which on boiling 
with 20 % caustic potash solution, takes up water (ketone fission), easily 
splits off carbon dioxide and alcohol and passes over into hexan-2,5-dione 
or acetonylacetone (146): 


CH 3 C(ONa) = CHC OOC 2 H 5 

+ b 

CHgC(ONa)—CHCOOC 2 H 6 


/ONa 

CH 3 C-CHCOOC.Hj 

"'-A I 

/ONa 

CH 3 C-CHCOOC,H s 

\I 
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CH.COCHCOOC.H, CH.COCH-CHCOCH, ^ CH ^"$E£° CH * 


CHjCOCHCOOCjHs 
diethyl diacetylsuccinate 



1 

1 

__ 

‘CM 

OH J 

|O.C| 

H 

L co »i 

H 

C 2^5 
OH | 


The structure of the i,4-dione follows from this synthesis. 

Laevulic acid, butan-yone i-carboxylic acid, CH 3 COCH 2 CH 2 COOH, is the 
simplest y-keto-acid. y-Keto-acids are prepared by the action of the sodium 
derivative of ethyl acetoacetate on esters of i-halogeno-fatty acids, which 
produces compounds giving y-keto-acids by ketone fission. An ester of mono- 
chloroacetic acid is used for the preparation of laevulic acid: 

CH } C(0 Na)=CHCOOC 2 H 5 _>-CH COCH^ C °^ * 5 ketone fission 

Cl CH,COOCjH 6 3 \CHjCOOC t Hj 

—ch 3 coch 4 ch 2 cooh 
laevulic acid. 

Laevulic acid is also prepared from hexoses, especially from fructose 
(laevulose) (163) by treatment with concentrated hydrochloric acid. In this 
process hydroxymethylfurfuraldehyde is produced as an intermediate pro¬ 
duct. Laevulic acid melts at 37.2° and boils at 250°. It gives a phenylhydra- 
zone and an oxime and can be reduced by sodium amalgam to a 3-hydroxy- 
acid. With bromine it gives dibrottiolaevitlic acid, m.p. 115 • The acid can 
be identified by this means and also as the silver salt. 

Mesoxalic acid, ketomethane dicarboxylic acid, C 3 H 2 0 5 .H 2 0 , is a dibasic 
kcto-acid. It is a fission product of uric acid (346); the diethyl ester is obtained 
by boiling diethyl dibromomalonate with baryta water: 

(C J H l OOC),CBr, + Ba(OH), —> (C 2 H 6 OOC) a C (OH), + BaBr a . 

Mesoxalic acid melts at 121 0 and like glyoxylic acid (147) contains a 
molecule of water. An ester of the anhydrous acid is known; this has a 
greenish yellow colour which must be ascribed to the direct bonding of three 
CO-groups, CjH s o — c — c — c —oc 4 h 6 (145)- The ester easily adds on a molecule 

000 

of water and the resultant hydrate is colourless. Mesoxalic acid possesses 
most of the properties of the ketones (64). On boiling with water it loses 
carbon dioxide and is converted into glyoxylic acid: 

COOHC(OH),COOH —► CH(OH),COOH + CO,. 
mesoxalic acid glyoxylic acid 


This fission takes place much more easily than with malonic acid (123), 
because the carbon atom is loaded with four negative groups. 
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149. Ethyl acctoacetate can combine with sodium bisulphite or hydrogen 
cyanide by addition. These are properties of a compound containing a 
ketone grouping. When ethyl acctoacetate is treated with acetyl chloride 
in the presence of pyridine which fixes the hydrogen chloride as it is formed, 
an acetate, the O-derivative, is produced to which the structure: 

ch 3 c = chcooc 2 h 5 

O-C-OCH. (O-dcrivative) I 

II 

O 

must be ascribed, since this compound adds on two atoms of bromine at 
low temperatures and therefore contains a carbon double bond. By the 
action of alkali at ordinary temperatures, the substance is split up into 
sodium acetate and ethyl acetoacetate. Thus, in the formation of this 
acetate, ethyl acetoacetate reacts as if it were a compound with an OH-group 
with the structural formula CH 3 C(OH) =CHCOOC 2 H 5 . 

If, however, acetyl chloride is allowed to react on the sodium derivative 
of ethyl acetoacetate, the main product of the reaction, along with a small 
amount of I, is an isomeric compound, the C-derivative, of the structure: 

CHjCOCHCOOCA 

(C-dcrivativc) II 

COCH3 

for this compound no longer adds on bromine and on heating with water 
at 150° is split up into carbon dioxide, ethyl alcohol and acetylacetone, 
CH 3 COCH 2 COCH 3 . From the formation of the C-derivative II it might be 
concluded that the sodium compound from ethyl acetoacetate has the struc¬ 
ture CH 3 COCHNaCOOC 2 H 5 . 

Another example, in which the sodium derivative of ethyl acetoacetate 
can react in two different ways is to be found in the action of ethyl chloro- 
carbonate, ClCOOC 2 H 5 (150), in which two compounds are produced: 

/-COOC 2 H 5 CH 3 C = CHCOOC 2 H g 

CHjCOCH and 

\COOCjH 5 ! -O—COOC 2 H 6 

III. C-derivative IV. O-derivative. 

The presence of a carbon double bond in IV is demonstrated by the 
addition of bromine. 

In 148 it was mentioned that compounds having the structure CH 3 CO 
CHRCOOC 2 H 5 , are produced by the interaction of alkyl halides and the 
sodium derivative of ethyl acetoacetate, as is apparent from the course 
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of both acid and ketone fission. On this account, the sodium derivative 
of ethyl acctoacctate used to be formulated as CH 3 COCHNaCOOC 2 H 5 . 
Later on, however, it appeared that this sodium compound must be regarded 
as CH 3 C(ONa)=CHCOOC 2 H 5 , so that the reaction with alkyl halides must 
be formulated in the way given in 148. For a long time therefore, there was 
some uncertainty as to which structure should be ascribed to ethyl acetoace- 
tate until it was shown, that in the liquid state or when dissolved in a solvent, 
this substance consisted of a mixture of two isomeric compounds, which 
are rapidly and reversibly interconvertible one into the other: 

CHjCOCHjCOOCjHj CH,C(OH) = CHCOOC t H, . 

kcto-forin enol-form 

The two isomeric forms were isolated as follows by Knorr (1911). On 
cooling a concentrated solution of ethyl acetoacetate in ethanol to very low 
temperatures,a substance crystallises out, which melts at—39 0 ; this substance 
gives no colour reaction with ferric chloride and the refractive index is 
1.4225 at io°. When the equivalent quantity of dry gaseous hydrogen chloride 
is led into a suspension of the sodium derivative of ethyl acetoacetate in 
light petroleum at low temperatures, and the precipitated sodium chloride 
is filtered off and the light petroleum evaporated in a vacuum at a low 
temperature, a liquid remains behind, which is still a liquid at —78° and 
gives a violet colour at this temperature with feme chloride and has a 
refractive index of 1.4480 at io°. lhis isomer must be the enol-form, since 
the refractive index of a substance with a —C^C— bond has a higher value 
than that of an isomer with a C =0 bond. From this experiment it is apparent 
also, that the sodium derivative of ethyl acetoacetate has the enol-structure. 

The two isomerides remain unchanged at very low temperatures, but at 
20 0 they change rapidly until a state of equilibrium is reached. The particular 
kind of isomerism in which two isomeric forms rapidly and reversibly pass 
into one another, is called tautomerism or desmotropism. In this case, in 
which substances containing an cnol-group and a keto-group change over 
one into the other, it is known as keto-enol-tautomerism. 

The sodium derivative of acetoacetic ester is a salt of the enol-form, which is 
to be regarded as a weak acid. It is possible to envisage for the anion of this 
salt—the cnolate ion (I)—two electronic structures, which differ only in the arrange¬ 
ment of the valency electrons (II and III) 

. H H 

H,C—C=CH—CO f R H 3 C : C * C : CO,R H S C : C : C : CO,R 

I - ' . 


II 


I 


III 
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The enolate ion is to be considered as a mesomeric form (214), it is probable 
that the reaction between the sodium compound of acetoacetic ester and an alkyl 
halide proceeds by an ionic mechanism, i.e. that the alkyl halide is to a small extent 
split into ions C 2 II 5 + and X“. In the formation of an O-dcrivative. the enolate ion 
reacts according to the valency structure (II); in the formation of a C-derivative, 
according to the valency structure (III). 


This phenomenon is not restricted to ethyl acetoacetate but is of general 
occurrence in esters of other 2-keto-acids and in 1,3-diketones; the condition 
for this tautomerism is therefore that a CH. r group is situated between two 
>C = 0 -gronps, between a >C = 0 -group and a 0 = C—OC 2 H 5 -gronp, or 
between two 0 = C—OC 2 H b -groups. C-derivatives and O-derivatives can be 
formed also from 1,3-diketones. Thus by the action of ethyl chlorocarbonate 
on the sodium derivative of acetylacetone, two compounds are produced: 


I. CHjCOCHCOCHj II. CH 3 C=CHCOCHj 

cooc 2 h 6 OCOOC t H s 

C-dcrivativc (by-product) O-derivativc (main product). 

The structure of compound I follows from its degradation into potassium 
acetate and ethyl acetoacetate by warming with one equivalent of caustic 
potash: 

H OK 

CH s COCH COCH 3 —> CH 3 COCH 2 COOC 2 H 5 -+- CH 3 COOK. 

COOCjH s 

Compound II is split up into acetylacetone, alcohol and carbon dioxide 
by dilute alkali at ordinary temperatures: 


CH 3 C = CHC OCHj 

I 

o — coo — c 2 h 5 

+ H OH 


CHjC(OH) = CHCOCH 3 + C0 2 + C 2 H 5 OH. 
acetylacetone 


1,3-Diketones and 2-keto-esters all give a violet colouration in solution 
with ferric cloride. It has already been mentioned that this reaction is due 
to the enol-form, and hence to the grouping —C(OH)=CH—. (Compare 
the reaction of ferric chloride with phenols 229). Derivatives of these enol- 
forms, O-derivatives, which can be isolated more easily than the free enol- 
forms, immediately add on bromine. K. H. Meyer has shown that 2-keto- 
esters and 1,3-diketones also add on bromine in alcoholic solution, which must 
be due to the presence of these substances in the enol form. He was able, 
on this reaction, to base a method for the determination of the enol-content 
by measuring how much of a solution of bromine in alcohol was immediately 
decolourised at low temperatures. In this way, it was found that the enol- 
content varied very considerably in different solvents; the figures for the 
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state of equilibrium for ethyl acetoacetate and acetylacetone are given in 
Table 35. 

TABLE 35 


PER CENT. ENOLISATION IN VARIOUS SOLVENTS 


Solvent 

Ethyl 

acetoacetate 
% enol 

Acetylacetone 
% enol 

None 

7.4 

76 

Water (0°) 

0.4 

19 

mm a 

Glacial acetic acid 

5.7 

74 

Methanol (0°) 

6.9 

/2 

A 

Ethanol (0°) 

12.7 

84 

mm ✓x 

Chloroform (20°) 

8.2 

79 

Benzene (20°) 

18.0 

80 

Hexane (20°) 

48.0 

92 


It is seen that the degree to which a substance is enolised, depends on 
the constitution, (acetylacetone is much more strongly enolised than ethyl 
acetoacetate) and in addition is strongly influenced by the solvent. Hexane 
and benzene are “enolising” solvents, water is a “ketonising” solvent. The 
effect of the solvent on the keto-enol equilibrium must be ascribed to the 
difference in the heat of mixing of the keto- and the enol-forms with the 
solvent. The temperature has little effect on the equilibrium. In general, 
this is displaced a little to the keto-side by increase in temperature. 

Substances which show keto-enol tautomerism are soluble in dilute caustic 
soda, since the enol-form dissolves with the formation of the sodium enolate 
(compare the solubility of phenol in caustic soda). Hence, when a 1,3-diketone 
is dissolved in dilute caustic alkali, the keto-form is converted into the 

enol-form. 

In ethyl malonate, a CH 2 -group is situated between two - CO OC a H 6 -groups. 
A hydrogen atom of this CH a -group can be replaced by sodium. It is obvious to 
assume the conversion into an enol-from in this case also. Indeed by the addition of 
bromine it is possible to show that sodium ethyl malonate has an enol-structure. 
The action of alkyl halides (RX) on sodium ethyl malonate must be represented as 

follows: 

C.H.OOC CHC OOC a Hj. 

I 

R 

diethyl alkylmalonate 


C,HjOOCCH 


/ONa 

C -I- RX 

■\OCjHj 


enol-form 


O Na 
C*HjOOCCH—C— X 

^ ^OCjHj 

addition compound 
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Tautomerism of oximes. Oximes arc produced by the action of hydroxylamine on 
aldehydes and ketones ( 59 ). This reaction can be represented in two ways: 

I. RjR.C O + NH 2 OH —> R,R.C = NOH + H.O 


IIO\ 

II. R,R 2 CO+ NH 

H/ 


O 

R.R.C' | + H 2 0. 

“ NNH 


Now it appears that oximes can react as though they possess both the structures (I) 
and (II), so that they are tautomeric: 

R.R.C-NOH ^ RiRjC | . 

I II N.NH 

When propanone oxime is treated with methyl iodide, the methyl group combines 
with the nitrogen atom, for methylamine and acetone are produced on reduction: 


(CH,)jC 


/O 


XCH, 


+ 2 H —>* (C H 3 ) 2 C O + H 2 NCH 3 . 


When sodium methylate is added to the mixture of propanone oxime and methyl 
iodide, the sodium derivative of the ketoxime is first of all formed from which the 
action of methyl iodide produces a compound giving acetone and methoxyannne on 
hydrolysis with hydrochloric acid. On heating with hydriodic acid, the methoxyaminc 
is split up into methyl iodide and hydroxylamine, by which it is proved that methyl 
is attached to oxygen in this compound: 


(CH 3 ) 2 C = 


NONa (< —->- I) (C H 3 )jC = NOC H 3 (1 —-> ) (C H 3 ).CO + H,NOCH a —> H 2 NOH + CH 3 I 


(x) DERIVATIVES OF CARBONIC ACID AND RELATED COMPOUNDS 

(a) Derivatives of carbonic acid 

150. Carbonic acid H 2 C 0 3 or CO(OH) 2 , which may also be considered as 
the hypothetical hydroxyformic acid, is unknown. It is assumed that this 
dibasic acid occurs in small quantities in an aqueous solution of carbon 
dioxide. A number of organic derivatives of this hypothetical acid are 

known, however. 

Carbonyl chloride, carbon oxychloride or phosgene, C 1 2 C = 0 , is produced by 
the addition of chlorine to carbon monoxide at a high temperature. At 
503° the equilibrium lies at about 67 % of the dissociation products: 

CO + Cl 2 ci 2 c=o. 

Phosgene is dissociated by ultra-violet light (especially of very short 
wavelength) into carbon monoxide and chlorine, a photochemical state of 

equilibrium being produced. 
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The name phosgene was given to this substance by J. Davy (i8ix) 
because he was of the opinion that the combinat.on of the two gases could 
take place only in sunlight; later on it was found that this is not the case^ 
It is prepared on a commercial scale by passing a mixture of ca bo 
monoxide and chlorine over animal charcoal at 200°. Phosgene gas has a 
penetrating odour and is very poisonous. The boiling point lies at + 8.2 
The setting point at — 118°; the spec. grav. is 1.432 at o . It is readdy soluble 
in benzene; it is used for synthetic purposes, for example, in the dyestuffs 

1,1 Carbonyl chloride can undergo all the reactions which are characteristic 
for acid chlorides. It must be considered therefore, as the chionde of car¬ 
bonic acid. It reacts with water with the formation of hydrochloric acid 
and carbonic acid. With alcohol at ordinary temperature, ethyl chlorocar- 

bonate is first of all produced: 


ci 

C=0 + HOC 2 Hj 

\C 1 


/OCA 
C=0 + HC1 

\C1 


By prolonged action of alcohol or by the action of sodium alcoholate, 
diethyl carbonate CO(OC 2 H 5 ) 2 is produced. By the action of ammonia the 
two chlorine atoms are replaced by amino-groups; urea CO(NH 2 ) 2 is pro- 

The chlorocarbonates are colourless liquids with a powerful unpleasant 
odour which distU without decomposition. They may be used for introducing 
the carbcthoxyl group, COOC 2 H 5 (149). for example, into various kinds 

of compounds. 

The esters of carbonic acid also are liquids; they possess an ethereal odour. 
They are insoluble in water and easily hydrolysed. 

151. Urea or carbamide, CO(NH,) 2 , melts at 132° and is readily soluble 
in water. It occurs to the extent of about 2 % in urine (Greek oOpov); an 
adult eliminates about 30 g. of urea per day. This substance is produced 
in the body by the degradation of proteins and besides being found in the 
urine of mamals, amphibia and fishes, it occurs also in the vegetable king¬ 
dom, e.g. in moulds. 

Bof.rhaave had already described the isolation of urea in 1732 (see 1 ). It was 
isolated from urine by Rouelle in 1773 and was investigated later by Fourcroy 
and Vauquellin and by William Proust, who determined the composition. 


The structure of urea follows from its formation from carbonyl chloride 
or from esters of carbonic acid (150) ; the substance is to be regarded as 
the di-amide of carbonic acid: 





UREA 


24I 


C 3 H 5 0—C—OCjHj 4- 2 NH 3 —► H.N-C-NH. 4- 2 C 8 H # OH . 

o o 

urea 

Like amines, urea combines with acids to form salts. The nitrate, CO(NH 2 ) 2 . 
HN 0 3 and the oxalate, 2 C 0 (NH 2 ) 2 .C 2 H 2 0 4 . are sparingly soluble in solutions 
of the corresponding acids. Since urea combines with only one equivalent 

of acid, it may be supposed that it has the structure c^oh^ in these salts. 


An ether of this iso-urea is produced by the addition of methyl alcohol to cyanamide 
(155) under the action of hydrochloric acid: 


H 2 N—C=N 4- HOCH 3 
cyanamide 


OCH, 

—C=NH 
\NH, 

methyl-iso-urea 


On heating with hydrochloric acid, methyl chloride is produced from methyl-iso-urea 
The methyl group is not attached to nitrogen therefore, for, under the same conditions. 

methylurea splits off methylaminc: 

/NH t 

o = c 

\NHCHj 

methylurea. 


Urea is produced when an aqueous solution of ammonium cyanate is 
evaporated. In this way Wohler obtained urea in 1828 by evaporating a 
solution of potassium cyanate and ammonium sulphate (1). 1 his reaction 
is very useful as a preparative method for urea. It is assumed in this case 
that a molecule of ammonia is added to isocyanic acid (155). 

0 = C = NH + NH a —> 0 = C(N t H 2 ) 2 . 


An equilibrium is set up in this reaction, for silver nitrate gives a precipitate of 
silver cyanate when added to a solution of urea in boiling water: 


CO(NH.) 2 OCN(NH 4 ). 


This equilibrium is situated well over on the urea side, however, since only a small 
proportion of cyanate is present (Walker and Hamblv). The posi .on of the equd.b. 
rium is only slightly dependent on the temperature; from this it follows that the 
conversion of either of the products into the other is associated with a small heat 

effect only. 


On heating urea, two molecules combine with the elimination of ammonia 
to form biuret, a substance melting at i 9 3°. which is sparingly soluble in 

cold water: 
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o = c - NH % h,n \=o-+nh j conhconh 1 + nh 3 . 

\NHj HHN^ biuret 


This substance gives a reddish violet colour with copper sulphate and 
caustic alkali (biuret reaction). On heating further, biuret combines with 
another molecule of urea and cyanuric acid (156) is produced. 


H 


H HNCONHCONH H 

oc 

>. 1 

x co 

1 

HjN CO NH, 

HN 

NH 




O 


+ 2 NH 3 . 


cyanuric acid 


Urea, as an acid amide, is decomposed into carbonic acid and ammonia 
by heating with acids or bases. This hydrolytic fission takes place at ordin¬ 
ary temperatures under the influence of an enzyme urease (208), which 
occurs, for example, in soya-beans and in some micro-organisms. By the 
action of nitrous acid, urea is decomposed into carbon dioxide, water and 

nitrogen: 

H.N—C—NHj + 2 HNO, —> 3 H 2 0 + CO, + zN*. 

II 

O 

Urea is split up into carbon dioxide, water and nitrogen, also by the action of bromine 
and caustic alkali (hypobromite). A method for determining the urea content of urine 
in which the volume of nitrogen is measured, is based on this reaction: 


/NH, 

0=C + 3 KOBr 

\NH, 


3 KBr + CO, + 2H,0 + N,. 


Urea is manufactured on a large scale; it is used for example, as a constituent of 
artificial fertilisers, as the starting material for certain synthetic resins and for some 
pharmaceutical products. 


(b) Derivatives of carbamic acid 

152. Carbamic acid, the half-amide of carbonic acid, is unknown. The 
ammonium salt is produced by the combination of dry carbon dioxide and 
ammonia: 

/OH /0(NH 4 ) 

CO, + NH, —► C=0 + NH ,—> C=0 

\NH, \NH, 
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This reaction is of importance for the technical synthesis of urea, which 
is produced by heating ammonium carbamate to 130-140 under pi essuie. 

H 2 NCOO(NH 4 ) —> CO(NH,) 2 + h 2 o . 

Calcium carbamate, Ca(OCONH 2 ) 2 , is produced by passing carbon dioxide 
into an ammoniacal solution of calcium chloride. This compound is soluble 
in water. On warming aqueous solutions of the salts of carbamic acid, the 
latter are converted into carbonates and ammonia, a molecule of water 

being taken up in the process. 

The esters of carbamic acid are called urethans. Ihey are produced from 
esters of carbonic acid or from the corresponding chlorocarbonates and 
ammonia or an amine: 


oc 2 h 5 + hnh 2 

o = c 

\oc 2 h 5 

diethyl carbonate 
/Cl 

0=c + hnh 2 

\oc 2 h 5 

ethyl chlorocarbonate 


NH 2 

o = c + c 2 h 5 oh 

\oc 2 h 5 

urethan 

/NH, 

0 = C + HCI. 

\oc 2 H 5 

urethan 


Urethans are also produced by the addition of alcohols to zsocyanates. 


o = c = nch, + hoc : h 6 


oc 2 h 5 

0=c 

\NHCH, 

methyl-urethan. 


This reaction is important for demonstrating the presence of alcoholic 
hydroxyl groups. 

Most urethans are well defined, crystalline compounds, which can be 
distilled without decomposition. They are split up into carbon dioxide, 

ammonia and alcohol by boiling with bases. 

Ordinary urethan NH 2 COOC,H 6 , melts at 51° and is readily soluble m 

water. 

Some urethans, such as H 2 NCO[OC(CH 3 ) 2 C 2 H s ], Aponal, are used as sedatives or 
hypnotics. Neuronal is a brominated acid amide (C 2 H 5 ) 2 CBrCONH 2 . while Adaltn, 
(C,He) 2 CBrCONHCONH 2 and Bromural (CH 3 ) 2 CHCHBrCONHCONH 2 , are ureides; 
ureides are derivatives of urea in which a hydrogen atom of one of the amino groups 
is replaced by an acid residue (cyclic ureides are discussed in 344)- 

Nitramines. When a urethan is treated with cold absolute nitric acid a mtrourethan, 
e.g. C,H 6 0C0NHN0 2 . is produced, which may be regarded as a nitramine, i.e. 

a compound of the general formula R,R 2 NN0 2 . (Franchimont). 

Besides the mono-alkylurethans other substituted acid amides RCOlSHR, can be 
nitrated. In this way a compound RC0NR,N0 2 is produced from which the acid 
residue can be removed by ammonia with the formation of a nitramine R,NHRQ 2 . 
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By careful reduction, a substituted hydrazine can be obtained from this compound. 

This reaction establishes the structure of these compounds. 

Urethans are formed as intermediate products in the conversion of acid azides mto 
primary amines by the Curtiss reaction (see 178). In this reaction an acid az.de 
is warmed with alcohol when a molecule of nitrogen is eliminated; an unstable ra - 
ca. is formed which isomerises info an isocyanate. The latter then combines with the 
alcohol with the formation of a urcthan. from which a primary amine is obtained by 

hydrolysis with acids or alkalis: 


C n H 2 n + lC —N 


N 


N 


O 

acid azide 


C n H2n + lC— 

II 

O 


0 = C(OC 2 H 5 )NH(C n H 2 + l) + HoO 


0 = C=NC n H2n+l + C 4 H 5 OH—> 

1 

isocyanate 

C 02 + C.HjOH 4 - H 2 NC n H>n + i. 


Semicarbazide, H 2 NCONHNH 2 , may be considered as the hydrazide of 
carbamic acid; it melts at 96°, reacts neutral in aqueous solution and gives 
salts with one equivalent of acid. Semicarbazide is prepared by the action 
of a solution of hydrazine sulphate on potassium cyanate in water, when 
addition of hydrazine to isocyanic acid (155) must be assumed to take place: 


H.N—NH, + 0=0 =NH —► H,NHN—C O-NH,. 
hydrazine isocyanic acid semicarbazide 


The formation of semicarbazones from semicarbazide and aldehyde or 
ketones has already been discussed in 59. 

153. Guanidine CH 5 N 3 is produced by the action of ammonia on ortho- 
carbonatcs. It may be supposed that the alkoxy groups are replaced by 
four amino groups and that the compound so produced immediately loses 

a molecule of ammonia: 


C(OCjH 6 ),->- C(NH t ) 4 — NHj 
ethyl ortho-carbonatc 


/NH, 

HN-C 

NNH, 

guanidine 


The above structure is confirmed by the preparation of guanidine from 
cyanamide (155) and an alcoholic solution of ammonium chloride at a high 

temperature: 


NEC—NH, + 


NHjCl 




/NH, 

C 

\NH,_ 


Cl. 


cyanamide 


guanidine hydrochloride 


Guanidine is split up into ammonia and urea by treatment with baryta 
water or by the action of putrifying bacteria: 

(HjN) a C = 0 + NH,. 


(H 2 N1,C = NH + h,o 
guanidine 


urea 
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Guanidine is a crystalline substance, which takes up carbon dioxide and 
water from the atmosphere and is readily soluble in water and in alcohol. 
It is a strong base, which differs only slightly in degree of ionisation from 
the caustic alkalis. When guanidine is compared with urea, which reacts 
neutral it is seen that the basic properties greatly increase when the oxygen 
atom in the carbonyl group is replaced by the imino group. Guanidine was 
first obtained by Strecker from guanine (348), a substance occurring in 


guano. 


(c) Carbon disulphide and its derivatives 


154 . Carbon disulphide, CS 2 , is prepared on a technical scale by passing 
sulphur vapour over wood charcoal at 900°. 1 his is a direct synthesis from 
the elements. Carbon disulphide is an endothermic substance, the heat of 
formation being —19 keal. The crude product has an extremely unpleasant 
odour, which is removed, however, by distillation over any kind of fat; a 
colourless, highly refracting, ethereal smelling liquid with b.p. 46.2 and f.p. 
—111.6 0 , is then obtained. It is insoluble in water, poisonous and extremely 
inflammable and has a spec. grav. of 1.262 at 20°. It is an excellent solvent 
for fats and oils and finds application in the extraction of these substances 
from seeds. Carbon disulphide is used in large amounts in the manufacture 
of rayon by the viscose process (191). It is also used in the vulcanisation 

of rubber. , 

Carbon disulphide in only slightly attacked by chlorine or bromine at 

ordinary temperatures; if a halogen carrier is present, however, tetra-chloro- 
or tetra-bromo-methane is eventually produced. 


Carbon disulphide gives an addition product, P(C 2 H & ) a CS 2 , obtained in red crystals 
melting at 122 0 , with an ethereal solution of triethylphosphine (cf. 51 ). Small quantities 
of carbon disulphide can be detected in this way. 

Trithiocarbonates are produced by the addition of alkali sulphides or 
alkaline earth sulphides to carbon disulphide. These are salts of tnthio- 

carbonic acid: 

BaS + CS 2 —> BaCS a . 

Ba-trithiocarbonate 


The barium salt is yellow and sparingly soluble in water. Trithiocarbomc 
acid, H 2 CS 3 , can be obtained from the salts by the action of dilute acids, 
as a red" oil which easily decomposes. The potassium salt is used for killing 
the vine pest [phylloxera). When carbon disulphide is shaken with a solution 
of potassium hydroxide in absolute alcohol the potassium salt of xanthic 
acid separates in glittering yellow needles: 
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/OC jHj 


CS 2 + KOCjHj-> s=c 


\SI< 


Free xanthic acid, HSCSOC 2 H 5 , is a very unstable liquid, which after a 
short time begins to warm up spontaneously and finally decomposes violent y 
into alcohol and carbon disulphide. This decomposition is a case of auto¬ 
catalysis, since the liberated alcohol accelerates the reaction. 

Xanthic acid owes its name to the fact that with copper sulphate a 
black-brown precipitate of cupric xanthate is produced, which very rapidly 
passes over into the corresponding cuprous salt which is yellow (£av oq — 

yellow). 

Thiourea. (H 2 N) 2 CS. is formed by heating ammonium thiocyanate: 

NEC—S(NH 4 ) —> H t N—C—NHj. 

S 

This method of preparation is similar to that of urea from ammonium cyanate (151). 

Thiourea melts at 180° and is soluble in water. 

Carbon subsulphide. C 3 S 2 , is produced in small quantities when an electric arc is 
allowed to burn between metal electrodes in carbon disulphide. By distillation in a 
high vacuum carbon subsulphide is obtained as a bright red, higly refractive liquid 

( ni .p._0.4 0 ). Carbon subsulphide polymerises very easily to black amorphous products 

of the composition (C 3 S 2 )x. and in this respect is very similar to carbon suboxide (i* 5 )- 
Carbon oxysulphide, COS. is a colourless, odourless, inflammable gas, which is 
produced by the interaction of an isocyanate (155) and hydrogen sulphide: 


/NHC,H, 

aC.H.N-C —O + H,S->S=C = 0 + O-C^ . 


It is also produced by the action of sulphur vapour on carbon monoxide at about 
400°. This reaction is reversible. 

The formation from isothiocyanates is mentioned in 158. Carbon oxysulphide boils 
at —50.2 0 and solidifies at —138.2°. It is very slowly decomposed by water and even 
by alkalis. 

(d) Cyanic acid and its derivatives 

155. Cyanic acid. HOCN, may be considered as the simplest hydroxycarbo- 
nitrile from which the hypothetical carbonic acid, HOCOOH, should be 
produced by hydrolysis. 

Salts of cyanic acid are produced by oxidation of the corresponding salts 
of hydrocyanic acid. Potassium cyanate is prepared by oxidising potassium 
cyanide with potassium permanganate. The alkali cyanates are soluble in 
water. Cyanic acid cannot be prepared by the action of dilute acids on 
alkali cyanates because cyanic acid is rapidly decomposed by the action 
of water into carbon dioxide and ammonia: 

HOCN + H.O —► CO, + NH,. 
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CYANIC ACID AND ITS DERIVATIVES 


Anhydrous cyanic acid can be obtained by heating the polymer (NCOH) 3 , 
cyan uric acid ; if the gas produced in this way is rapidly cooled below o , 
a colourless liquid with a penetrating odour is produced, which rapidly 
polymerises above 0° to another polymer cyamelide (156). 

Two possible structures may be postulated for a compound of the compo- 

sition CHON 


HO-CEN and 

normal cyanic acid 


0 = C = NH. 
isocyanic acid 


It is not known which of these structures is to be ascribed to free cyanic 
acid; probably anhydrous cyanic acid consists of a mixture of both tauto¬ 
meric forms. 

Derivatives of both isomers are known. 

Cyanogen chloride, CNC 1 , may be considered as the chloride of normal 
cyanic acid. It is a liquid of spec. grav. 1.222 at o°, b.p. 13°. f-P- — 1 -5 i 
it is very poisonous. Cyanogen chloride is prepared by treating hydrocyanic 
acid or potassium cyanide with chlorine. It readily polymerises to cyanuric 
chloride, C 3 N 3 C 1 3 , especially in the presence of hydrochloric acid. It gives 
potassium chloride and potassium cyanate with caustic potash: 

C 1C N + 2 KOH —> KCNO + KC1 + H 2 0 . 

Cyanogen bromide combines with tertiary amines to form addition products, which 
break down on warming into a dialkylcyanamide and alkyl bromide: 


R,\ 

R 2 -N + BrCN 

R 


Ri\ ^Br 
R 2 -N 

R 3 / \cn 


NCN + R 2 Br . 


The dialkylcyanamide easily breaks down on hydrolysis into carbon dioxide and 
a secondary amine. Hence this is a method for converting tertiary amines into seco 

dary amines (Von Braun). 

Esters of cyanic acid cannot be obtained in a pure state since the polymer, 
the corresponding ester of cyanuric acid, (NCOC 2 H 5 ) 3 , is produced by the 
action of sodium alcoholate, for example, on cyanogen chloride. 

Esters of isocyanic acid, on the other hand, are well known. They are 
produced by the action of dialkyl sulphates on potassium cyanate. These 
esters are volatile liquids with an intense, suffocating smell. They polymerise 
easily to esters of isocyanuric acid, e.g. (OCNC 2 H 5 ) 3 . The structure o ese 
compounds follows from their fission by water or dilute alkalis into an 

amine and carbon dioxide: 


0 = C = NCH 3 4- HjO —> CO, + C H 3 NH. . 

Wurtz obtained the first primary amines by means of this reaction 111 
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i8 4 8; in this way they are obtained in a pure state uncontaminated with 
secondary and tertiary amines. 

Cyanamide, H 2 NCN, is produced, for example, from cyanogen chloride 
and ammonia; it is a solid, crystalline, hygroscop.c material, which poly¬ 
merises easily. The hydrogen atoms are replaceable by metals, e.g. by silver. 
Silver cyanamide, CN 2 Ag 2 is yellow and insoluble in dilute ammonia. 


Calcium cyanam.de is a technically important substance produced by heating calcium 
carbide in a stream of nitrogen at iooo°. The reaction CaC, + N 2 CaC , + C. 
is exothermic. The crude product, n.,ro-l.me. which is dark in colour due to the admixed 
carbon is used as an artificial fertiliser, because the combined nitrogen is split off as 
ammonia in the soil. The nitro-lime can be converted into ammonia also by heating 

with water under pressure: 


CaCNj + 3H 2 0 —> CaC 0 3 + zNH a . 


This industry, depending on the fixation of atmospheric nitrogen (Frank and Caro)' 
relies on cheap electrical energy on account of the strongly endothermic nature of 

the formation of calcium carbide (see 91). 

When nitro-lime is heated to about 1200 ° (in presence of sodium chloride as a 

flux) calcium cyanide is produced; CaCN s + C - Ca(CN) s . By rapidly cooling the 

fused mixture (because otherwise the reaction will take the reverse direction) a product 

with a high calcium cyanide content is obtained, which can be used for the same 

purposes as an alkali cyanide or worked up into the latter. 


156. Cyan,trie acid. (NCOH) 3 , is usually prepared by heating urea (iji). 
When potassium ferricyanidc is heated with bromine at 220°, the bromide 
of cyanuric acid is produced and this is converted into cyanuric acid by 
warming with water. 

Two series of esters may be derived from this acid, the normal or O-esters 
and the esters of isocyan uric acid or N-esters. The former are produced from 
cyanuric bromide (or chloride) and sodium alcoholates. The alkyl groups 
in these esters are attached to oxygen, because on hydrolysis they give the 
alcohol and cyanuric acid. Structure I must therefore be ascribed to these 

esters: 


ROC COR 

I II 

N N 

^C^ 


OR 

I. 


R 

o=c c=o 


KN NR 



II. 


HN = 


II 

NH. 


= NH 


III. 


The /socyanurates are produced by heating silver cyanurate with alkyl 
iodides. In these esters the alkyl groups are attached to nitrogen, for on 
boiling with dilute alkali the substance is split up hydrolytically into a 
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primary amine and carbon dioxide; these esters therefore possess struc¬ 
ture II. 

When alkyl iodides are allowed to react on the silver salt at ordinary 
temperatures O-esters are produced; on heating, these pass over into the 
N-esters. Formula III may represent the structure of cyamelidc (155). 
since this compound is decomposed into carbon dioxide and ammonia by 
simply boiling with water. A similar ring of oxygen and carbon atoms is 
to be found in paraldehyde (61). 


The relationship between cyanic acid, cyan uric acid and cyamelidc is as follows. 
Cyamclide is the stable modification at ordinary temperatures, but above 150 it 
passes over into cyanuric acid. Since this transformation takes place very slowly, 
the position of the transition point cannot be accurately determined. Although cyanuric 
acid is the metastable modification at ordinary temperatures, it does not change 
spontaneously into cyamclide, since the velocity of the reaction is too low. When the 
vapour from cyamelidc is rapidly cooled below o°, the unstable, monomeric form of 
cyanic acid is produced, which is capable of existence only at low temperatures. 


157 . Fubninic acid, CNOH. is isomeric with cyanic acid. Liebig and Wohler 
discovered in 1823, that the compositions of the mercury and silver salts of fulminic 
acid were the same as those of the corresponding salts of cyanic acid. I he fulminates 


are produced by adding mercury or silver to nitric acid and alcohol in certain propor¬ 
tions (Howard). The best known is mercury fulminate, HgC 2 N 2 0 2 , which explodes 
when struck. It is used for filling percussion caps or detonators by which gun-cotton 
and other explosives are made to explode (primer). Since silver fulminate is even 
more explosive than mercury fulminate this is not used in practice. 

Fulminic acid is a very unstable, volatile substance with very poisonous properties 
and an odour similar to that of prussic acid. The structure is probably C = NOH (Nkf). 
Hydroxylamine and formic acid are produced by the action of dilute hydrochloric 
acid. When concentrated hydrochloric acid is allowed to react on fulminic acid with 
cooling, an addition product is produced according to the equation: 


C=NOH + HCI—>• C = NOH . 

Cl^ 


158. Thiocyanic acid, HSCN, is very similar in properties to cyanic acid 
(155) but is more stable towards water. By treating potassium thiocyanate 
with concentrated sulphuric acid and condensing the vapours produced 
in a receiver cooled in liquid air, thiocyanic acid is obtained as a colouiless 
solid melting at —no°; the liquid, however, already changes over into a 

solid polymer at —90° (Birckenbach). 

By warming with dilute sulphuric acid, HSCN takes up a molecule of 
water and decomposes in a similar way to cyanic acid with the formation 
of carbon oxysulphide (154): 

HSCN + H 2 0 —> NH, + COS. 

Potassium thiocyanate , KCNS, is produced by fusing potassium cyanide 
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with the calculated quantity of sulphur. It is used for several purposes 

includin" the titration of silver by the \ OLHARD method. 

S iZ thiocyanate AgCNS, is produced by adding silver mtrate solution 

to a solution of potassium thiocyanate. It is insoluble in dUute mineral 

Icids Ferric thiocyanate is a sensitive test for ferric salts on account of the 

dark red colour, which is derived from unionised Fe(CNS), “ 
neither ferric ions nor thiocyanate ions are coloured red in solution. The 
colour is increased by any treatment which decreases the ionisation such 
as by adding more ferric salt or thiocyanate; the red colour is transferred 
into the organic solvent when the red solution is shaken with ether, which 
is of course, incapable of extracting ferric or thiocyanate ions. 

Thiocyanogen. (CNS) 2 , is formed when silver or lead thiocyanate is treated 
with a solution of bromine in carbon disulphide; insoluble silver or lead 
bromide and carbon disulphide containing free thiocyanogen are formed. 
The latter may be obtained in the form of yellowish white crystals, which 

mc lt at_3°. It is unstable at ordinary temperatures and is decomposed by 

water, but it may be kept in dilute solutions of carbon disulphide, ether or 
carbon tetrachloride. In these solutions thiocyanogen is similar in behaviour 
to the halogens; if such a solution is shaken with metals, e.g. with zinc or 
cadmium, the corresponding thiocyanates are formed. Thiocyanogen also 
adds on easily to substances containing a carbon—carbon double bond. 

As with cyanic acid, two series of esters are derived from thiocyamc 
acid, the structure of which is known with no more certainty than that 
of cyanic acid viz., the thiocyanates N=C—S—R and the isothiocyanates 

S=C—N—R. . , „ . 

The thiocyanate esters are produced from metal thiocyanates and alkyl 

iodides: 

N=c — S — K + IC,H S —> N=C —S-C.H* + KI . 


They are liquids with a garlic-like smell, which are insoluble in water. 
It may be shown both by reduction and by oxidation that in these compounds 
the alkyl group is attached to sulphur. On reduction, a thiol (43) is produced 
along with hydrocyanic acid, which gives methylamine on further reduction. 

N = c —S—C ,H 6 + 2H —> H—C=N + HSC t H 5 . 

hydrogen ethanethiol 
cyanide 

Alkane sulphonic acids, e.g . C 2 H 6 S 0 3 H (45). are produced by oxidation. 
On heating, thiocyanates are converted into tsothiocyanates. Allyl thio¬ 
cyanate, NCSC 2 H 5 , already does so on distillation. 

The isothiocyanates are also called mustard oils. In these compounds the 
alkyl group is attached to nitrogen. They possess the structure S=C=N R, 
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as appears from the following reactions. Under the influence of concentrated 
sulphuric acid they take up water and give primary amines and carbon 

oxysulphide: 

R — N = c = s + h 2 o — >■ rnh 2 + o = c = s . 


Primary amines are also produced on reduction along with trithiomcthcnc, 
(CH.>S) 3 , which is very probably produced from thiomethene Cl US (unknown 
in the free state) formed initially, by polymerisation: 

R—N T = C = S + 4 H —>■ RNH. + C H 2 S. 


/sothiocyanates are also produced by the action of sulphur on carbyl- 
amines (56): 

R—N = C + S—> R—N = C=S. 


They occur in the free state or combined as glucosides (179) in plants. 
Mustard seed ( Cinapis nigra L.) contains a glucoside of complicated com¬ 
position, the potassium salt of myronic acid ; this is split up by acids or by an 
enzyme occurring in the seed, into glucose, potassium bisulphate and 

allyl iso-thiocyanate. 


[xi) sugars; carbohydrates or saccharides 

159. Besides sugars like glucose, fructose, cane-sugar, milk-sugai, etc., 
substances such as starch and cellulose, which possess properties quite dif fer¬ 
ent from those of the sugars, also belong to this group of compounds. The 
name carbohydrates is taken from the elementary composition of most of 
these compounds, which can be expressed by the general formula C m (H 2 0) n . 

Apart from the fact that in more recent times sugars have been discovered 
with compositions which no longer agree with this formula, e.g. the methyl- 
pentoses, the name carbohydrate is likely to give the totally wrong impres¬ 
sion that these substances are to be regarded as hydrates of carbon, in 
much the same way, for example, as one thinks of the known hydrate of 
chlorine. The name carbohydrate has persisted mainly in physiological 
literature; these compounds arc better designated by the name of saccharides. 

This class of compounds is divided into two main groups. The first com¬ 
prises substances, which cannot be split up into simpler compounds still 
possessing all the characteristics of the group; these compounds are called 
monosaccharides. The second main group comprises substances, which can 
be split up into monosaccharides by hydrolysis; the compounds in this 
group are called polysaccharides. The main group of polysaccharides can 

again be divided into two sub-groups: 

1. Compounds, in which the molecule is built up of a small number of 
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monosaccharides. If this number is two. the substance is called a 
(i 7 2) of which cane-sugar, malt-sugar and milk-sugar are examples. The di- 
saccharides, like the much less well known tri-and tetra-saccharides, (178) 
show a great similarity to the simple sugars, e.g. as regards taste, solu- 

bilitv in water and chemical behaviour. , , 

2 Compounds in which the molecule is built up of a large number of 

monosaccharide residues. In their physical properties these substances show 
no resemblance to the sugars. They are either insoluble in water like cellu- 
lose, (186), or they give colloidal solutions with water like starch (i i) 

and related substances. 

(a) Monosaccharides 


The monosaccharides are denoted by the ending “ose” attached to the 
greek or latin root giving the number of oxygen atoms, e.g. tetrose, pentose, 
hexose, heptose, nonose, etc. These compounds are differentiated further 
into two groups the aldoses and the ketoses according to whether they are 
similar in structure to aldehydes or ketones. The individual members are 
spoken of. for example, as aldohexose, ketohexose, etc. By gentle oxidation, 
e.g. with bromine water, monobasic acids are produced from aldoses with 
the same number of carbon atoms. In this way pentonic acids (C 5 H 10 O 6 ) 
arc produced from pentoses (C 5 H 10 O 5 ), hexomc acids (C G H 12 0 7 ) from hexoses 
(C H 12 0 6 ), etc. Dibasic acids with the same number of carbon atoms are 
produced from aldoses by oxidation with concentrated nitric acid. In such 
cases the molecule is oxidised at both ends. Ketoses give acids with a smal¬ 
ler number of carbon atoms on oxidation. 

Both aldoses and ketoses are converted into the corresponding alcohols 
by reduction (two hydrogen atoms taken up), pentitols C 5 H 12 O s , are pro¬ 
duced from pentoses and hexitols, C 6 H 14 O e , from hexoses, etc. 

Four reactions are known, which are shown by all monosaccharides. 

1. When an aqueous solution of a monosaccharide is warmed with an 
ammoniacal silver solution, a silver mirror is deposited on the walls of 
the reaction vessel. 

2. An aqueous solution of a monosaccharide is coloured first of all yellow 
and then brown when warmed with alkali. In this test the sugar is converted 
into resinous products. 

3. An alkaline copper solution, such as Fehling’s or Ost’s solution, is 
reduced by warming with a solution of a monosaccharide and yellowish 
red cuprous oxide separates. 

In Trommer’s test a monosaccharide is dissolved in dilute caustic soda, a few 
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drops of copper sulphate solution are added and a blue colour is produced. On warm in 
cuprous oxide is precipitated. 

In these reactions monosaccharides show a great similarity to aldehydes. 
Thus all monosaccharides have a reducing group in the molecule. 

4. O11 warning with phenylhydrazine, C 6 H 5 NHNH 2 , monosaccharides form 
beautifully crystalline, yellow compounds, called osazones which are insoluble 

in water: 


CH 2 OH(CHOH) 3 C—C11 = NNI1C 0 H 5 (see 160). 

NNHC.llj 

hexosazone 


Structure of the monosaccharides 

160. Aldoses. The structure of the aldohexoses of the molecular formula 
C 6 H 12 0 6 is derived from the following data: 

1. Nearly all hexoses contain a normal carbon chain; thus a hexitol, 
sorbitol, is produced from glucose, for example, by reduction with sodium 
amalgam and this is converted into 3-iodohexane, CH 3 CH 2 CHIGH 2 CH 2 CH 3 , 
on more vigorous reduction (with hydriodic acid). The iodo-compound can 
be converted into an alcohol from which hexan-j-one is produced by oxida¬ 
tion, while further oxidation produces n-butyric acid and acetic acid. This 
proves the presence of a normal carbon chain in the 3-iodohexane and 
therefore in the hexose also. 

2. In a hexose, five of the oxygen atoms are present in the form of hydroxyl 
groups because a penta-acetate is formed by warming with acetic anhydride 
(and a little zinc chloride or sodium acetate). 

3. When a hexose is boiled with methanol, in which a little hydrogen 
chloride is dissolved, the following reaction occurs: 


C 6 H,,O 0 4- CHjOH 


± C 6 H n O 0 CH 3 + H.O . 
mcthylglucosidc 


Hence a hydrogen atom in the glucose molecule, for example, is replaced 
by —CH 3 . A similar reaction takes place with other alcohols. This reaction 
is similar to the formation of acetals from aldehydes (see 60). 1 he compounds 
formed are called glucosides (179) and are easily split up into hexose and alcohol 
again by hydrolysis. The aldehydic properties of the hexoses are no longer 
present in the glucosides; they have no reducing properties and they do 
not react with phenylhydrazine. 

By the action of dimethyl sulphate and caustic soda, followed by treat¬ 
ment with methyl iodide and silver oxide, methylglucoside can be methyl¬ 
ated further, four more hydrogen atoms being replaced by methyl groups 
with the production of a tetramethylmethylglucoside C 6 H 7 0 ( 0 CH 3 ) 5 . When 
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this substance is warmed with dilute sulphuric acid only one methyl group 
lb off hvdrolvtically methanol is produced and a tetramethylglucose 

1920- 930). This methyl group is apparently the same as that which can 
be easily introduced into glucose with the elimmatton of water by the act.on 

° f FmmThe foregoing it appears, that four of the five hydroxyl groups in 
the hexoses have the same properties. The different properties of one 
hydroxyl group must be connected with a particular method of combination 
for this hydroxyl group and is expressed by the followmg structural formula 

(Haworth) : 


6 5 4 3 2 1 

I. CH,OH-CHCHOHCHOHCHOH-CHOH 

-O-' 


aldohexose. 


The hydroxyl group on carbon atom I reacts with methanol with the 
formation of a methylglucoside: 


II CH.OHCH.CHOHCHOHCHOHCHOCH, methylglucoside. 

I_ O- 1 

It is understandable why the methyl group in the methylglucoside can 
be split off by hydrolysis, since the carbon atom I is combined to a second 

oxygen atom (compare esters, 77 and acetals 60). 

The methyl groups in tetramethylmethylglucoside, which are attached 

through oxygen atoms, to carbon atoms 2, 3, 4 and 6, are not split off by 
hydrolysis, since each of these carbon atoms is attached to one oxygen atom 
only. Hence the mode of combination of these methyl groups to the respec¬ 
tive carbon atoms is similar to the mode of attachment in an ether ROCH 3 . 


6 5 4 3 2 

III. C H,OC H,-CH'C HOC H,-C HOC H,-C HOC H,-C HOCH, . 

1-O- ' 

tctramcthyl-methylglucosidc 

The oxygen atom attached to carbon atoms 1 and 5 is called the epoxy¬ 
oxygen atom. 

Hence the reducing properties of an aldohexose depend on the group 
H 

—c— oh, which is called the reducing group. The reactions in which the 

hexoses have a reducing action all take place in aqueous solution. If it 
is assumed that the hexoses can add on a molecule of water, a compound 
is formed with the formula: 

IV. C HjOHC HOHCHOHCHOHCHOHCH(OH),. 
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Compounds containing the —CH(OH) 2 group show only some of the 
reactions of aldehydes, including reducing power (see 128). Likewise, the 
monosaccharides fail to give all the reactions of aldehydes. They give no 
colour with Schiff’s reagent, fuchsin—sulphurous acid, they do not combine 
with sodium bisulphite, nor do they polymerise. This is in agreement with 
the above formulation. 

It may also be assumed that in an aqueous solution of an aldohexose, an 
equilibrium between two forms is present: 


H 

1 


H 

1 

1 

C— OH 

(cTlOH)7~b 

1 I 


1 

c = o 

1 

—► 

-<— 

(CHOH), 

1 ' 

HC-J 

1 

CH a OH 


CHOH 

1 

CH.OH 

cyclic acetal form 


aldehydic form 


Isomeric penta-acetates of glucose are known, one of which is derived 
from the cyclic acetal form (I) and the other from the aldehydic form (V). 
Acetates of the aldehydic forms are known also in the cases of galactose, 
arabinose and xylose. 


The ultra-violet absorption spectrum of an aqueous solution of glucose, galactose 
or arabinose, does not show the band characteristic for the aldehyde group (59, 62). 
From this it may be concluded that the aldehydic form of the monosaccharides is 
present in these solutions only in very low concentrations. This is confirmed by the 
similarity of the absorption spectrum of methylglucoside. 

It should be mentioned that a cyclic acetal formula had already been suggested 
for the aldoses in 1883 by Tollens on the basis of the observation that these com¬ 
pounds did not show all the reactions of the aldehydes. 


The formation of osazones occurs as follows. By the action of phenyl 
hydrazine, C 6 H 5 NHNH 2 , a hydrazone, CH 2 OH(CHOH) 4 H—NNHC 6 H 5 , is 
first of all produced. Thus the hexose reacts according to formula V. In most 
cases the hydrazones of the hexoses are readily soluble and they are not 
therefore precipitated. By the action of an excess of phenylhydrazine, the 

HCOH group situated next to the terminal carbon atom is converted into 

a —CO— group, a molecule of phenylhydrazine being reduced to ammonia 
and aniline, C 6 H 5 NH 2 . The newly produced —CO— group then reacts with 
a third molecule of phenylhydrazine and the sparingly soluble osazone 

separates: 
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CHO 

(CHOH) ( + 3 C c H & N H N H 2 

I 

CH,OH 


■ITH TWO OR MORE FUNCTIONAL GROUPS 

HC = KNHC,H 5 

C=NNHC,H 5 + CjHjNHj (aniline) 


CH. 8 


(CHOH)j 

I 

CH.OH 


+ NH S + 2H z O. 


osazonc 


The proof that the phenylhydrazine residues in the osazones are attached 

to carbon atoms 1 and 2 is given in 165. 

It has already been mentioned that a monobasic acid with six carbon 

atoms is produced on careful oxidation of an aldohexose; actually it is not 

theTcid itself but the corresponding lactone, which CH,QHCHICHOH),c-0, 

is formed, in agreement with the annexed formula. 

On reduction of a hexose to a hexitol. an atom of hydrogen is taken up on 
carbon atom r, by which the bond between this atom and the epoxy-oxygen 
atom is broken, while the latter also takes up an atom of hydrogen, so 

that a hydroxyl group is produced on carbon atom 5. 

In the hexitols only one hydroxyl group is attached to each of he carbon 
atoms for, if one carbon atom were to carry two hydroxyl groups, the hexitol 
would'have the properties of an aldehyde or a ketone, since compounds 
containing the grouping -C(OH),-. easily split off water. The hexitols 
possess exclusively alcoholic properties, so that the formula of the hexitols is 

C. H.OHICHOHI.CHjOH . 


From this it follows, that in the hexoses also, no two hydroxyl groups can 
be attached to one carbon atom, as is assumed in formulae I and V 
It is assumed further in formula I, that the epoxy-oxygen atom is attached 
to carbon atoms 1 and 5. This has been proved in the case of glucose as 
follows. Trimethoxypropane 1,3-dicarboxylic acid (trimethoxyglutaric acid) 
is produced on oxidising tetramethylglucose with nitric acid. Since it may 
be assumed that the carbon chain is broken at the carbon atom carrying the 
epoxy-oxygen atom and the oxidation product contains a chain of five 
carbon atoms, the epoxy-oxygen atom must be attached to carbon atoms 

1 and 5: 


CH,OC H,C HC HO C H,C HOC H 3 C HOC H S C HOH —C OOH(C HOC H 9 ) 3 C OOH. 

I- —-O -- 1 

This oxidation is carried out on tetramethylglucose rather than on glu¬ 
cose itself, because the methoxyl groups are more stable than hydroxyl 
groups, so that any alteration in the mode of combination of the epoxy¬ 
oxygen atom during the oxidation of the methyl derivative,can beexcluded. It 
may now be assumed that the epoxy-oxygen atom in glucose is also combined 
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with carbon atoms 1 and 5. This mode of combination occurs also in a 
number of other monosaccharides, as is proved in a similar way, by methyla- 
tion and subsequent oxidation. The molecules of these sugars therefore 
contain a ring of five carbon atoms and one oxygen atom, i.e. a fyyran ring. 
Sugars with this structure are therefore called pyrauoid sugars or pyranoscs 

(Haworth). 

Some sugars are known in which the epoxy-oxygen atom is attached to 
carbon atoms 1 and 4. Thus these contain a ring of four carbon atoms and 
one oxygen atom, a furan ring, and are therefore called furanoid sugars 

or furanoses. 

161. Ketoses. The most important ketohexose is fructose : 

CH 2 OHCO(CHOH) 3 CH a OH^CH 2 OHC(OH)(CHOH) 3 C H, 

I- O- 1 

kcto-form cyclic acetal form. 


When fructose is oxidised with mercuric oxide in presence of barium 
hydroxide, glycollic acid, CH 2 OHCOOH, and trihydroxybutyric acid, 
CH.,OH(CHOH) 3 COOH, are produced. Thus in this oxidation the carbon 
chain is broken in agreement with the above ketonic formula. On the same 
reasoning as given for the aldohexoses, it is assumed that fructose can occur 
in an isomeric form having a cyclic structure and that both forms are 
present in equilibrium in solution. 

The structure of fructose may also be proved as follows. By the addition 
of hydrogen cyanide followed by hydrolysis, a heptonic acid is produced, 

which must have the structure: ch.ohc(OH){CHOH) s ch : oh, if the doubly 

COOH 

bound oxygen atom occurs on carbon atom 2 in fructose. The structure of 
this heptonic acid is proved as follows. It is reduced by hydriodic acid to 
hexane 2-carboxylic acid, ch,ch(CH 2 ) s ch } , the structure of which has 
been proved by synthesis. cooh 

Like the aldoses, ketoses also reduce ammoniacal silver solutions and 

alkaline copper solutions. 


Methods of formation of the monosaccharides 

162. Monosaccharides can be obtained 1. by the hydrolysis of polysacchari¬ 
des (180) or glucosides (see 179) by the action of dilute acids or enzymes (207). 
Polysaccharides containing both hexoses and pentoses ( pentosans ) are very 
widely distributed throughout the vegetable kingdom. 2. By oxidising the 
corresponding alcohols, for example with nitric acid. Thus mannose 
(C 6 H 12 0 6 ) is obtained in this way from mannitol (C 6 H 14 0 6 ) (113)* 3 - From 
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brominated aldehydes by replacing the bromine atom ^ 

means of baryta water. In this way from bromoethanal, CH BrCHO.Jhe 

Simplest possible sugar, f ^'hows aU the^lacHons of a monosaccharide 

r rasa r l ^ ^ stT .* By 

the action of lime-water on a solution of formaldehyde a sweet, syrupy 
iauid produced, which contains hexoses amongst other things (Butlerow, 
X The reaction takes place much more rapidly when a strong solution 
of formaldehyde is warmed with methanol and calcium hydroxide. Besides 
hexos" the reaction product also contains pentoses and tetroses which 
can be isolated as the osazones. The osazone of <«-glucose ts obtamed as the 

m tWs'case the methanal undergoes an aldol condensation (61): 





+ HCO + HCO + 

c h 2 ohc hohchohc hohcho. 

Bv the addition of bromine to propenal (acrolein, 97), CH 2 BrCHBrCHO 
is obtained, which is converted by cold baryta-water into 1,2-dihydroxy- 
propanal or glyceraldehyde. CH 2 OHCHOHCHO, from which hexoses are 
produced by the continued action of baryta-water (aldol condensation). 
the osazone of rff-glucose can be isolated from the reaction product 

- Methods are also known for converting sugars into monosaccharides 
containing one more carbon atom (KILIA NI, E. F Iher). An aldohexose can 
add on hydrogen cyanide. The addition product, CH 2 OH(CHOH) 4 CHOHCN, 
on hydrolysis gives a monobasic polyhydroxy-acid with seven carbon atoms, 
which is readily converted into a lactone: 


CH,OHCHOHCH(CHOH) S C= 0 . 

1_O-1 

This lactone can be reduced to the corresponding heptose by means of 
sodium amalgam in aqueous solution. In this way, aldoses with up to ten 
carbon atoms (and therefore with ten oxygen atoms also), i.e. decoses, have 

been made. ,, , 

6. Besides the methods of synthesising monosaccharides, methods are 

also known by which lower monosaccharides are obtained by the degradation 

of higher members. When the calcium salts of hexonic or pentomc acids are 

treated with hydrogen peroxide in the presence of ferric salts, a pentose or 

a tetrose is produced (Fenton): 

CH,OH(CHOH) s COOH + O —► CH,OH(CHOH),C^ + CO, + H ,0 . 
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In the method described by Weerman, the amide of a hexonic or a pen- 
tonic acid is treated with sodium hypochlorite when the following reactions 

take place: 


NaOCl 


OH 


CH 2 OH(CHOH) 3 CHOHCONH 2 

gluconamidc 


C H.OH(C HOHIjC H 
hypothetical 
intermediate product 


N = C = O 


HN=C = 0 + CH 2 OH(CHOH) 3 C 

| H =° 




o 


NH 


+ CO 


2 


\H 
(compare 78j 


CH 2 (CHOH) 3 CHOH 

I-O- 1 

arabinose 


Tetroses, pentoses, hexoses and heploses 

163. Tetroses are not found in the vegetable kingdom; d- and l-e rythrose 
are obtained by the degradation of d- and /-arabonic acid and rf-threose by 
the degradation of {/-xylonic acid. 

Pentoses are produced by the hydrolysis of pentosans (162). Thus xylan, 
occurring in straw and wood, produces by hydrolysis with dilute acids 
t/-xylose, which melts at 154 0 , tastes sweet and shows a decreasing mutaro- 
tation. The final value is [a] D = + IQ°. This sugar can be prepared from 
wheat straw' by treatment w'ith hydrochloric acid. 

I-Arabinose can be prepared from cherry-gum. gum arabic or from 
cotton seed hulls, by boiling these substances with dilute acids by which the 
polysaccharide araban is hydrolysed. /-Arabinose melts at 160° and shows a 
decreasing mutarotation, final value [a] D = + 105°. dl- Arabinose occurs in 
the urine of sufferers from pentosuria, d -Arabinose, which is laevo-rotatory, 
has been observed as a fission product of a glucoside (179) in certain species 

of aloe. 

d -Ribose, m.p. 95 0 , is a laevo-rotatory pentose, which is obtained as a 
fission product of nucleic acids (394)* 


l-Rhamnose is an example of a methylpcntose. This sugar, which is found as a 
fission product of various glucosides occurring in the vegetable kingdom, has the 

formula (aldehydic form): 


H 3 C 


OH 

I 

-C — 


OH H 


H 


C- 

I 

H 


H 

I 

C- 


H 

I 

C = 0 


OH OH 


/-Rhamnose melts at 122-124 0 ; [a] D = + 8.4° (final value). 
Apiose is an example of a sugar with a branched chain: 

HOHjC\ ^ _ 

C(0H)CH0HC=0 . 
HOH t C/ H 
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• 1 • follows- the monobasic acid, apionic acid, obtained by 

^ r fu.r W “t L b.’ converted into isovaleric acid , 7 Z) by reduction 

"' i Ap,oL d t° prod C uced along with glucose, by the hydro.ysis of apiin. a g.ucoside 
occurring in parsley. 

On warming with dilute sulphuric acid or hydrochloric acid pentoses give 

a volatile compound, C 5 H 4 0 .», fu ^ ” a j 1 j ^ “ “ i^ „ , ^ ^ j | j 

colouring matter with aniline and hydrochloric acid. This is a characteristic 

reaction for pentoses and pentosans. The pentoses cannot be fermented^ 

Hexoses are colourless, sweet-tasting substances, which are very soluble 

in water, sparingly soluble in ethanol and insoluble in ether. They cannot be 

distilled, since they decompose on heating. , . 

d-Glucose or grape sugar, also called dextrose, occurs in very many p . 

particularly in the juices of ssveet fruits, e.g. ui grapes, apples and pears, 
and also in seeds and roots. Blood and also urine contain very small quanti¬ 
ties of glucose; the urine of sufferers from diabetes mellitus contains g>nsider- 
able quantities of (/-glucose. Starch (i8i), glycogen (184) and cellulose (186) 
give (/-glucose exclusively on hydrolysis. d-Glucose is produced by split g 
a number of disaccharides and many glucosides (see 179) and is prepare 
on a commercial scale by boiling starch with dilute acids (for a- and p-forms 
of glucose sec 168). (/-Glucose is broken down into ethyl alcohol and carbon 
dioxide by yeast (see 31). l-Glucose is not met with in nature. 

A-Mannosc occurs in the free state in some plants; the mannans are very 
widely distributed throughout the vegetable kingdom. They are polysacchar¬ 
ides (180) from which (/-mannose is produced by hydrolysis; thus (/-mannose 
can be prepared from the shells of the ivory-nut. Mannose gives a phenyl- 
hydrazone, which is very sparingly soluble in water, by which it can e 
recognised, since the phenylhydrazones of the other monosaccharides are 

very soluble in water, a - ([a] D = + 3 °°) and P ~ forms (Md — *7 0 

d- mannose are known (see 168). (/-Mannose is fermented to alcohol and car- 

bon dioxide by yeast (see 31). 

A-Galactose is produced by the hydrolysis of milk-sugar and raffinose. 
Polysaccharides, the so called g alactans, occur in the vegetable kingdom, 
from which galactose is produced on hydrolysis. Anhydrous (/-galactose 
melts at 164° and shows mutarotation (see 168), the final value being [«] D = 

+ 8i°. (/-Galactose can be fermented. 

d -Fructose, also called laevulose, occurs in the free state in sweet fruits. 
Inulin (185) gives only (/-fructose on hydrolysis. (/-Fructose is produced along 
with (/-glucose by the hydrolysis of sucrose. Aqueous solutions of (/-fructose 
are laevorotatory [«] D = — 93 ° I '/-fructose can be fermented. The rotation 
decreases considerably with rise in the temperature. 
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1 -Sorbose can be obtained by the action of sorbose-bacteria on the juice of rowan 
berries, by which the r/-sorbitol present in this juice is oxidised to /-sorbose. Sorbose 
melts at 165°, has [a] D = — 42.9 0 and is not decomposed by yeast. 

Heptoses are prepared synthetically from hexoses. Some are also found in the 

vegetable kingdom. 

Determination of the stereochemical configuration of the monosaccharides 
164. The principles on which the stereochemical configuration depends 
are discussed in (142). 

For determining the stereochemical configuration of the aldopentoses , for 
the present, the occurrence of a- and (J-forms for each monosaccharide will 
be ignored and a start is made with the aldehydic formula as the basis. In 
this formula three asymmetric carbon atoms are present, which corresponds 
with eight stereochemical configurations. Hence all the possible forms are 
known, viz. the dextro- and laevo-rotatory forms of ribose, arahinose, xylose 

and lyxose : 
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<i-lyxose 


From dextro-rotatory xylose, which is prepared by the hydrolysis of 
xylan (162), a tetrose (one of the two threoses) can be obtained by degrada¬ 
tion, which can be converted into /(—)-tartaric acid by oxidation. Since 
/(—)-tartaric acid has configuration 5, it follows that this threose has config¬ 
uration 6 and dextro-rotatory xylose either 3 or 4: 
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4. 4- , ic converted by reduction into an optically inactive 

yjxsrsxzz., 

a- . - 

Xe< The 7 refix d is now chosen arbitrarily for dextro-rotatory xylose 3 and «» 

solar is designated d {+ )-xylose-. the antipode of Mis sugar ^‘tsIZThe 
occur in nature, is 1 (-)-xylose. The prefix d is assigned on the basrsof the 

■position of the OH-groi,p attached to the carbon atom carrying the CH 2 OH- 

Troup if this OH-group lies to the right in the projection formula then the 

S ;:lr ’is referred Jas a dl-suga. This classification proposed by Rosanoff 

and also by Wohl and Freudenberg in most cases agrees with theearliei 

classification of E. Fischer, in which those sugars were designated as d- 

sugars which were related either by synthesis or by degradation to d-glucose 

° CC l"e ofazone^of^+J-xylose is identical with the osazone of laevo-rotatory 
lyxose a sugar which is obtained by the degradation of dextro-rotato.y 
galactose. In the formation of osazones, phenylhydrazme residues become 
attached to carbon atoms x and 2, while the remainder of the molecule 
remains unchanged, which follows for example, from the identity of the 
osazones from rf( + )-glucose and cf(+)-mannose (see page ^5) From 
this it follows that configuration 4 must be assigned to lyxose. This sugar 

" By reducing thi^ sugar, a pentitol is produced, which is also obtained 
from a laevo-rotatory arabinose (163); from this it follows that this arab- 
inose belongs to the rf-series and must be designated d(—)- arabinose 

(configuration 3). 
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3 d (—)-arabinose 


The dextro-rotatory antipode of d(— )-arabinose therefore belongs to the 

/-series and is /(+)-arabinose (see *63). 

Finally, configuration 1 can be assigned to a laevo-rotatory pentose found 

as a fission product of the nucleic acids (349), namely, d( )-ribose. Indee 
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this sugar gives the same osazone with phenylhyclrazine as d{ —)-arabinose 
and therefore differs from the latter only in the arrangement of groups around 
the 2nd carbon atom. 

The configuration of /(-f-)-arabinose derived above is confirmed by the 
fact that this pentose can be degraded to /-crythrose, from which tneso- 


tartaric 

acid is 

produced 

on 

oxidation: 
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wicso-tartaric acid. 



To summarise, the con 

[figurations of the pentoses of the /-series 

arc 

follows 

• 
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Myxose. 


165. Aldohexoses. The aldehydic formula for a hexose possesses four 
asymmetric carbon atoms, so that sixteen stereoisomeric aldohexoses can 
be derived from them; all these are known. The configurations of some of 

these hexoses are derived in the succeeding paragraphs. 

Configuration of glucose and mannose. d {—)-Arabinose is obtained by the 
degradation of naturally occurring dextro-rotatory glucose by one of the 
methods described in 162. From this it follows that this glucose belongs to 
the //-series and has one of the configurations 9 or 10. 


H-C 

n 1 

:— 0 

OH 

HO- 

-H 

H 

OH 

A A 

H 

OH 

( 

1 

:h 2 oh 


9 


h— c=o 

HO-|-H 

H--OH 

H-OH 

CHjOH 
3 rf-arabinose 


H—< 

:=o 

HO- 

H 

HO- 

-H 

H- 

-OH 

H- 

-OH 


CH 2 OH 

10 


A hexonic acid, ^-gluconic acid, is produced by oxidising rf-glucose with 
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_ rotatorv mannose, which occurs in plants, and, 

■—“ c 

acid namely d -mannonic acid is produced. . , \ 

asasss 

/-series: 
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According to this synthesis the hexonic acids of configurations 13 and 14 
differ only by the arrangement on carbon atom 2, .... the carbon atom 

directly attached to the aldehyde group. 

The optical antipodes of these f-hexonic acids, d-glucomc acid and rf- 

mannonic acid mentioned above, can both be obtained by means o 
cyanhydrin synthesis from d -(—)-arabinose (configuration s). Hence config¬ 
urations 11 and 12, which represent the mirror-images of 13 and 14, come 
into consideration for i-gluconic acid and (i-mannomc acid: 
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Therefore configurations 9 and 10 must represent ^-glucose and rf-man- 
nose. From the foUowing, it is clear that configuration 9 must be assigned 
to rf-glucose. A dibasic acid, ^-saccharic acid (config. 15). is produced when 
^-glucose is oxidised with concentrated nitric acid. This acid can be reduced 
in the form of a lactone, with sodium amalgam in acid solution, when 
one of the carboxyl groups is converted into an aldehydie acid; d-glttcnromc 

acid (16) is produced. 
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If this reduction is continued, the —CHO group in glucuronic acid is 
converted into a -CH,OH and a hexonic acid is produced, which is not 
identical with gluconic acid and is called gulonic acid. //-Saccharic acid is 
produced from this gulonic acid (17) by powerful oxidation. Hence //-glucose 
is related to the two stereoisomeric hexonic acids //-gluconic acid and gulonic 
acid. Therefore, configuration 9 must be assigned to //-glucose, since two 
different hexonic acids could not be produced from a hcxose having con¬ 
figuration 10. 
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For the same reason, configuration io (page 263) must be assigned to 
mannose; this sugar is to be designated as </( + )-mannose. //-Glucose and 
//-mannose differ only in the arrangement about carbon atom 2; since the 
same osazone is produced from both hexoses by the action of phenyl- 
hydrazine, the phenylhydrazine residues in this osazone must be attached to 
carbon atoms 1 and 2. This has also been proved in some other cases and 
on this basis it is now assumed that all osazones have a similar structure. 


166. Configuration of galactose. /Z-Lyxose is produced by the degradation of 
dextro-rotatory galactose (163); from this it follows that one of the configura¬ 
tions 18 or 19 must be assigned to //-galactose. Mucic acid, which is optica y 
inactive and must therefore have infiguration 20, since this is identical 
with its mirror-image, is produced when //-galactose is oxidised with nitric 
acid. From this it follows that //-galactose must have configuration 18. 
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Configuration 19 is assigned to A-talose. This sugar, which IS not *°^ d 
in nature, gives optically active talomucic acid (21) on oxidation. The osa- 
zone from rf-talose is identical with that from rf-galactose from this it 
again follows that the phenylhydrazine residues are attached to carbon 

atoms 1 and 2. 


H —c = o 

OM 

A A 

1 T O 

V/ A A 

_ 11 

rl U 

T T 0 

X 1 

H 

rl U 

i_i 

n 

OH 

n 

( 

kj ri 

:h,oh 


18 <i( + )-galactose 


H-C = 0 

HO-H 

HO-H 

H--OH 

CH 2 OH 
4 </-!yxose 


H— 

— O 

c 0 

HU - 

A A 

HO— 

II O_ 

-H 

H 

rl U 

H— 

OH 


CH 2 OH 

*9 

<i-talose 


V w 

COOH 

1 

WO — 

COOH 

rl- w 1 

_ . * no--H 

1*1 u — 

-n 

1 t r 

A A 

HO— 

- H 

no— 

v m 

. H 

v 1 

w— 

1 

— 1 - OH 



COOH COOH 


20 mucic acid 21 rf-talomucic acid 


167. Configuration of fructose and sorbose. As was deduced in 161, in 
fructose the reducing group is attached to carbon atom 2. Since the osazone 
of naturally occurring laevo-rotatory fructose is identical with the osazones 
obtained from rf-glucose and ^-mannose, configuration 22 is assigned to this 
fructose; hence laevorotatory fructose belongs to the ^-series and is to be 
designated as d( —)-fructose. 

Laevo-rotatory sorbose (163), a kctose which also carries the reducing group on 
carbon atom 2. has configuration 23, since it gives the same osazone as gulose (24), an 
aldose obtained by reduction of the lactone of /-gulonic acid (configuration 17 on 
page 265). Hence laevorotatory sorbose belongs to the /-series and is to be designated 

as /(—)-sorbose. 
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The configurations of the monosaccharides derived above arc in agree¬ 
ment with many other reactions of these sugars and their derivatives, so 
that the stereochemical structures of the compounds in this group may be 
taken as completely established. These researches, which form an outstand¬ 
ing confirmation of the stereochemical theory of Van 't Hoff and Tf Bel, 

are due to E. Fischer (1852—1919) and his co-workers. 

In the above the aldehydic formula (or the ketonic formula) for the mono¬ 
saccharides is used as the basis from which projection formulae are derived, 
which in their turn represent the stereochemical configurations, lhe reader 
will be able to convince himself quite easily that the conclusions drawn 
with regard to the arrangement of the groups around carbon atoms 2 5 

(for aldolrexoses) or 2—4 (for aldopentoses) remain unchanged when the 
cyclic acetal formula (160) is introduced in place of the aldehyde formula. 
According to the cyclic formula however, carbon atom 1 is also asymmetric; 
the molecule of an aldohexose in the cyclic acetal form contains 5 asymmetric 
carbon atoms each marked with an asterisk. 


CHjOHCHCHOHCHOHCHOHCHOH. 


According to this formula 2 5 = 32 stercoisomcric aldohcxoses are possible, 
while only 16 stereoisomers can be derived from the aldehydic formula. 
Each of the 16 stereoisomers can however occur in two tautomeric forms, as 

appears from the following. 

168. Mutarotation ; a- and fi-forms of the monosaccharides. 

In 1846, long before stereochemical theory had been developed, Dubrun- 
FAUT discovered, that the rotatory power of a freshly prepared aqueous 
solution of ^-glucose rapidly decreases. After some time a value is reached, 
which remains constant. This phenomenon is called mutarotation and is due 
to the existence of two tautomeric forms of ^-glucose; these were isolated 
by Tanret (1905) and designated by him a- and ( 3 - glucose. 

a-Glucose melts at 146°, has a specific rotation [«]p = + io 9 - 6 q and is 
obtained by evaporating a concentrated aqueous solution at 30 35 • " hen 

a concentrated solution of glucose is heated to io 5 -no° for several hours 
and cold water and then alcohol is added to the reaction mass, ( 3 -glucose 

crystallises out. The specific rotation of ( 3 -glucose is [a] D — + 20.5 . 

When dissolved in water, a- and (3-glucose are converted one into the 
other until a state of equilibrium is reached, the equilibrium mixture o 
a- and (3-glucose having a specific rotation [a] D = + 52 - 3 °- The velocity 
of this reversible reaction is greatly increased by the presence of small 

quantities of hydroxyl-ions. 



26S compounds with two or more functional groups ch. 8 

^-Gluconic acid is produced from either a- or ( 3 -glucose by gentle oxidation. 
From this it follows that the arrangement of groups on carbon atoms 2 5 

must be the same in both a- and ( 3 -glucose. Hence the aldehydic formula 
takes no account of the existence of a- and ( 3 -glucose but this isomerism 
can be explained by the cyclic formula, since in this, carbon atom 1 is 

also asymmetric. 

The isomerism between a- and ( 3 - glucose is caused by a different arrangement 
of the hydrogen atom and the hydroxyl-group on carbon atom 1. In the conversion 
a -glucose (3 -glucose, this hydroxyl-group and this hydrogen atom change 
places. Hence this is a case of tautomeric change between stereo-isomers. In 
the space model of an aldohexose the carbon atoms and the epoxy-oxygen 
atom, which together form the pyran ring, lie in a flat plane; the hydrogen 
atoms and hydroxyl groups on carbon atoms 1 to 4 lie above and below 
this plane. In the space figures below and in the corresponding projection 
formulae the carbon atoms of the active group are marked by an asterisk. 



projection formulae projection formulae 

for rf-a-glucose. for d-($-glucose. 


According to these models, in a-glucose the two hydroxyl groups on 
carbon atoms 1 and 2 lie on the same side of the plane of the ring. ( 3 -Glucose 
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differs from a-glucose in the position of the hydroxyl group on carbon 
atom 1. In {3-glucose the hydroxyl groups attached to carbon atoms in the 
plane of the ring lie alternately on either side of this plane. 

This has been shown by BOeseken by means of a method depending on the effect 
of compounds with two or more hydroxyl groups on the electrical conductivity of 

boric acid. ...... 

A 0.5-normal solution of boric acid has a conductivity of 25 x 10 ’ (m kohlruusch 

units), and a 0.5-normal solution of o-dihydroxyben/enc (catechol; 232) one of 
14 x 10- 6 . For a solution which is 0.5-normal with regard to both boric acid and 
catechol, the conductivity is 555 x 10- 6 . Thus the conductivity of boric acid increases 
considerably on adding catechol. The conductivity of a 0.5-normal solution of resorcinol 
(jn-dihydroxybcnzene; 232) is 6 X io- tt and that of a solution containing boric acid 
and resorcinol, both at the same normality, is 25 x 10- 6 . Hence in this ease there is 
no question of an increase in the conductivity of boric acid and neither is there on 
the addition of />-dihydroxybenzene (quinol). When 1,2.3-trihydroxybenzene (pyro- 
gallol; 232) in which the three hydroxyl groups are attached to adjacent carbon atoms, 
is added to boric acid solution, the conductivity increases considerably. 

The increase in the conductivity is not caused however by any compound in which 
two hydroxyl groups occur on adjacent carbon atoms, for glycol (no) causes no such 
increase. The hydroxyl groups in the polyhydric phenols (232) are situated in the same- 
plane as the carbon atoms in the benzene ring. C011- 
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sequently, a complex acid of the type I 
can be formed from catechol and boric acid and this 
compound is very much more strongly ionised than 
boric acid itself; in the complex anion the boron atom 1 

is attached to four oxygen atoms derived from the 

hydroxyl groups in two molecules of catechol. In some cases it is possible to iso a e 

Similar compounds from m- or />-dihydroxyben zone and boric acid cannot be pro¬ 
duced because the bonding forces between C and the OH-group would have to be 

bent too far from their original directions. 

Hence it must be assumed that in the glycol molecule the OH- 

groups are separated as far as possible from each other by mutual 
repulsion (II). 

The conductivity of boric acid is increased by adding glycerol, cry- 
thritol, mannitol, dulcitol and sorbitol. Therefore in these compounds 
at least two hydroxyl groups must lie near one another in the space model. Hence in 
the change in the conductivity of boric acid by polyhydric alcohols we have a means 
of determining the positions of the hydroxyl groups m the space models of these 

compounds, , .. .. . _i 

Bolseken found that on adding a-glucose to boric acid the conductivity increase 

but then slowly decreased until a constant final value was reached. Tins occurs because 

a-glucose is slowly converted into ( 3 -glucose. When ( 3 -glucose is added to boric acid 

the conductivity again increases but increases still further with the t,me since P-g ucose 

slowly changes into a-glucose. It is assumed therefore that in a-g ucose wo 

groups stand in a corresponding position, i.c. that they lie on the same side of the 

plane of the ring. 
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From the structural formula for methylglucosides given in 160, it follows 
that for these compounds also, two stereoisomeric forms are possible, 
differing in the arrangement of the CH. 0 -gn.up and the H-atom on the 
first carbon atom. Both isomers are known. By the action of methanol 
and a little hydrogen chloride on glucose there is produced mainly a methyl- 
glucoside with a specific rotation [oc] D = + 157 - 5 ° together with a sma 

quantity of an isomer with a specific rotation of [a] D = 3 2 ♦ 

These methylglucosides do not change into one another when dissolved 
in water; however, when they are dissolved in alcohol, to which a small 
amount of hydrogen chloride is added as a catalyst, a slow reversible reaction 
occurs. The behaviour of the methylglucosides towards enzymes (208) is 
noteworthy. The methylglucoside with [a] D = + 157 - 5 ° is split up into 
methanol and glucose by the enzyme tnaltase. The solution shows a decreasing 
mutarotation hence the glucose is present in the a-configuration. Therefore 
the a-configuration is assigned to this methylglucoside. The methylglucoside 
with [a] D = —32 0 is not broken down by maltase but by emulsinase (179, 
208). The solution shows an increasing mutarotation and therefore contains 
[i-glucose. Hence this methylglucoside has the (^-configuration. 

The phenomenon of mutarotation occurs with all monosaccharides and 
with those disaccharides which contain a reducing group. In some cases it 
has been possible to isolate the a- and p-forms. Thus a particular hexose 
may occur in four stereoisomeric forms, e.g. d-a-glucose, ^-( 3 -glucose, 

/-a-glucose and /-[i-glucose. 


Conversion of hexoses into isomeric sugars 

169. By warming osazones gently with concentrated hydrochloric acid, 
two molecules of phenylhydrazine are split off with the formation of com¬ 
pounds containing an aldehydo and a keto-group and called osones. Glucosone 

is produced from glucosazone: 


CH 2 OH(CHOH)jC-C = NNHC e H s + 2H.O 

II H 
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2 C,H 5 NHNHj + C H,OH(CHOH) s C 
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By treatment with zinc dust and acetic acid, the terminal group of the 
osonc is reduced; thus fructose CH 2 OH(CHOH) 3 COCH 2 OH is produced 
from glucosone. 

By this method, discovered by E. Fischer, aldoses can be converted into 
ketoses; the fructose obtained in this manner from </-glucose, is identical 
with fructose occurring in nature. 

The conversion of a ketose into an aldose may be carried out as follows. 
By the reduction of fructose, two stereoisomeric hexitols are produced. 
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sorbitol and mannitol which can be separated by a difference in solubilities. 
(/-Mannonic acid is produced by the oxidation of (/-mannitol and the lactone 
of this acid can be reduced to rf-mannose with sodium amalgam. 

On heating an aqueous solution containing some quinoline or pyridine, 
(/-mannonic acid is partially converted into (/-gluconic acid. Conversely, 
(/-gluconic acid may also be converted into (/-mannonic acid. In these 
reversible conversions the OH and H on the second carbon atom change 
places. 

Thus by means of this reaction d -glucose can be obtained from (/-mannose 
and vice versa. Similar conversions of hexonic acids have been observed also 
in other cases, and it is always found that an interchange of H and OII 
occurs only on the carbon atom situated next to the carboxyl group. 

E. Fischer has made use of these reactions for the synthesis of a number 
of monosaccharides. In 162 it was mentioned that a mixture of hexoses is 
produced by condensation of formaldehyde or glyceraldehyde, from which 
the osazone of (//-fructose can be obtained. From this the osone can be 
prepared and converted into (//-fructose. By reduction of dl-ii uctose, dl- 
mannitol is obtained and from the latter, (//-mannonic acid by oxidation. 
This (//-mannonic acid is resolved into its d- and /-components by means of 
the strychnine salts, from which d- and /-mannose are prepared; d- and 
/-mannonic acids can be converted into d- and /-gluconic acids from which 

(/-glucose and /-glucose can be obtained. 

(/-Glucose, (/-mannose and (/-fructose are converted reversibly into one 
another in weakly alkaline aqueous solution (Lobry de Bruyn and Albarda 
van Ekenstein). In order to explain this interconversion, it is assumed that 
in alkaline solutions an enol-form of these monosaccharides is produced, 
from which the three isomeric sugars may be produced by conversion into 
the aldehyde or keto-forms: 
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Some derivatives of the hexoses 

170. d-Glucuronic acid (for configuration see formula 16 on page 265) in the free 
state forms a viscous liquid but the lactone has been obtained crystalline. Derivatives 
of glucuronic acid, e.g. phenylglucuromc acid, which is derived from glucuronic acid 
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by replacing the OH-group of the reducing group by OC 8 H 5 . sometimes occur in very 
small quantities in human urine. 

Ascorbic acid or vitamin-C (see 306), C 6 H 8 0 6 , is a well defined crystalline 
substance, soluble in water, which mats with decomposition at 189-190 

and is optically active: [a] D = + 49 °- . A ... , , , . 

The structure of this important compound, which was established (1933) 

mainly by Hirst and his co-workers, will be explained by means of the 
formulae below: 
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Ascorbic acid is converted by gentle oxidising agents into dehydro ascorbic 
acid, which can be reduced again into ascorbic acid. By further oxidative 
degradation oxalic acid and l-tiirconic acid, i.e. the acid formed by careful 
oxidation of l-threose, are produced. 

Ascorbic acid has the properties of a mono-basic acid, in the sodium salt 
one hydrogen atom is replaced by sodium. The acid properties must be 
ascribed to the presence of two enolic hydroxyl groups, i.e. to the hydroxyl 
groups attached to the carbon atoms of the group >C=C<. The primary 
oxidation product of ascorbic acid, incorrectly called dehydro-ascorbic acid, 
has no acid properties and shows the characteristics of a lactone. 

By the action of diazomethane on ascorbic acid, a dimethyl ether is pro¬ 
duced, in which both hydrogen atoms of the enol-groups are replaced by 
methyl. This compound is neutral in character and reacts with one molecule 
of acetone to form an /sopropylidene derivative. From this it follows, that 
in the dimethyl ether two hydroxyl groups (5 and 6) are present on adjacent 
carbon atoms. 

The peculiar properties of ascorbic acid are caused by the atomic grouping I, 
which is known as the enediol-group. This grouping easily gives up two 
hydrogen atoms and is thereby converted into II: 
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Ascorbic acid has powerful reducing properties and is an example of a 
stable aliphatic compound in which two hydroxyl groups attached to doubly 
bound carbon atoms occur. 

(/-Glucose is the starting material for the preparation of /-ascorbic acid on a commer¬ 
cial scale; it is first of all reduced catalyticallv under pressure to (/-sorbitol from which 
/-sorbose is obtained by the action of sorbose bacteria. The /-sorbose is converted into 
a di-isopropylidene-derivative by treatment with acetone and a condensing agent, 
which is oxidised to the di-isopropylidene derivative of 2-kclogulonic acid ; the iso- 
propyiidene-residues are then split off by the action of dilute acids with the formation 
of 2-ketogulonic acid, which passes over into the lactone. This lactone — the tautomeric 
form of ascorbic acid — can be converted into the latter by warming with dilute acids: 
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lactone of 2-keto-/-gulonic acid 


/-ascorbic acid 


It is very remarkable that the optical antipode of /-ascorbic acid, viz. d-ascorbic acid 
which was prepared by Reichstein by another synthetic method—is physiologically 

inactive. 

171. Glucosamine, C.H, a 0 5 N, is produced from chitin by wanning it with strong 
hydrochloric acid (Ledderhose. 1876); in this way an equivalent quantity of acetic 
acid is produced along with glucosamine. Chitin is a constituent of the bodies of insects 
•ind the protective covering of crustaceae (shell-fish) and can be prepared from lobster 
or shrimp shells: it also occurs in the vegetable kingdom, e.g. in the cell walls of 

f U Glu cos ami n c has reducing properties, is optically active, gives a well defined crystal- 
line salt with hydrochloric acid and so contains a basic group present in the form of 
an amino-group since nitrogen is evolved by the action of nitrous acid. d-Glucosazone 
is produced by warming glucosamine hydrochloride with phenylhydrazme: apparently 
in this reaction, the NH a -group present in glucosamine is split off, probably in the 
form of ammonia. These and other observations indicate that glucosamine must be 
regarded as an amino/,exose. i.e. as a derivative of an aldohexose in which one of the 
alcoholic hydroxyl-groups is replaced by an amino-group. This opinion has been com¬ 
pletely established by a synthesis of rf-glucosamine carried out by Fischer and Leuchs. 
By the action of ammonia and hydrogen cyanide on rf-arabinose (compare the method 
of Strecker for the synthesis of /-amino-acids. 194) a compound having the following 

structure ^ 

I 

CHjOH'(CHOH),— C — C=N 

NH, 

is obtained, from which hydrolytic fission by means of hydrochloric acid produces 
a hydroxyamino-acid. which is identical with glucosaminic acid, obtained by the oxid¬ 
ation of glucosamine: 

H 

1 

CH,OH(CHOH)j—C—C OOH 


glucosaminic acid 


1 

NH, 


The configuration of glucosamine has been established as 2-amino-d-glucose by a 
recent synthesis of W. N. Haworth : 

H H OHH 

I I I I 

HOH.C—C—C—C—C—C 

I I I 

H NH, 


A 

H 


O 

H 
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Glucosamine and chondrosamine (2-amino-r/-galactose) are found as fission products 
of mucoproteins (201). 

By hydrolysing chitin under certain conditions, the acetyl derivative of glucosamine, 
in which the acetyl group is probably attached to nitrogen, may be obtained. 

It is assumed that chitin is built up from acetylglucosamine-residues in the same 
way as cellulose is built up from glucose-residues (187). 


(b) Disaccharides 


172. Most disaccharides are built up from hexose residues and have the form¬ 
ula C 12 H 22 O n , derived from 2C 0 H 12 O 6 — 1H 2 0 . Either one or two different 
hexoses are produced by the hydrolysis of the hexodisaccharidcs by boiling 
with dilute acids or by the action of enzymes (208). Since this hydrolytic 
fission takes place very easily, it is assumed that the hexose residues are 
joined together in the disaccharides through an oxygen atom. 


A few disaccharides arc known which are built up from a hexose and a pentose. 
A glucoside occurs in the seeds of the vetch ( Vicia angustifolia) which may be split 
up into hydrocyanic acid, benzaldehyde and a disaccharide, vicianose, which gives 
^/-glucose and /-arabinosc on hydrolysis. A glucoside, apiiti (a more correct name would 
be apioside) occurs in parsley which gives a disaccharide when treated with acids 
giving glucose and apiosc (163) on further hydrolysis. 


173. Maltose. This disaccharide, which was discovered by Dubrunfaut 
in 1847, crystallises in fine colourless needles and in this form has the 
formula C 12 H 22 0 u H 2 0 and is strongly dextrorotatory. It is produced from 
starch by the action of diastase (31) and is an important intermediate 
product for the fermentation industries. ^-Glucose is the sole product 
formed by boiling maltose with dilute mineral acids. 

Maltose shows the reactions of the monosaccharides. It reduces an alka¬ 
line copper solution and forms an osazone called mallosazone. On oxidation, a 
monobasic acid, maltobionic acid C 12 H 22 0 12 , is produced, which gives ^-glu¬ 
conic acid, CH 2 OH(CHOH) 4 COOH, on hydrolytic fission. From the above, 
it follows that of the two active groups present in two molecules of d-g\n- 
cose, only one remains in maltose, for no dibasic acid is formed on oxida¬ 
tion and the osazone of maltose contains two and not four phenylhydrazine 
residues. 

Hence the two molecules of ^-glucose must be joined in such a way that 
the oxygen in only one of the active groups is involved, which is expressed 
by the following structural formula: 
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glucose residue I 


maltose glucose residue II 


Since only one reactive group is present in the molecule, the first carbon 
atom in glucose residue I must be joined through an oxygen atom to one 
of the carbon atoms 2, 3, 4 or 6 in the second glucose residue I . 

It has been proved by Irvine and Haworth that the oxygen bond m the 
maltose molecule is situated between carbon atoms I x and II 4 . In their 
method of determining structure, which has been successfully applied to 
the examination of other disaccharides and several polysaccharides, these 
investigators employ the methylation method which they originated, 
(compare 160). The hydrogen atoms in all the eight hydroxyl groups in 
maltose can be replaced by methyl groups by methylation. This octamethyl- 
derivative is hydrolysed by heating with dilute hydrochloric acid with the 
production of a mixture of tetra- and tri-methylglucose, which can be resolv¬ 
ed into its components by making use of the difference in solubility in 

chloroform: 


OH 
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H3C0- 
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HjCO- 
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-c r 
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-OCH, 
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H a C OHjC 
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I 
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oetamethylmaltose 


H-C-OH 

H-C-OCH, 

H a C O-C-H O 

H-C-OCH, 

I 

H a C OH t C-C-H 


tctramcthylglucosc 


HO-C-H 

H-C-OCH, 

I 

H,C O-C-H O. 

H-C-OH 

H,C OH,C-C-H 


trimctbylglucose 
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Tetramethylglucose is identical with the methylation product of glu¬ 
cose (160). The trimethylglucose is derived from residue II so that the alco¬ 
holic hydroxyl group in this molecule is produced during the hydrolysis. 
Therefore, if it can be determined which carbon atom carries this hydroxyl 
group, the position of the oxygen bridge between the hexosc residues in 

maltose is established. 

Ignoring the occurrence of a- and p-forms, four isomers are possible for 
a trimethylglucose with a free reactive group: 


1 

H-C-OH 

H-C-OCHj 

H 3 CO-C-H O 

H-C-OCHj 

I 

HOH 2 C-C-H 


I. 

1 I 

H-C-OH 

H-C-OCH a 

HO-C-H O 

H-C-OCH 3 

I 

H 3 COH 2 C-C-H 


III. 
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IV. 


Since the trimethylglucose obtained from maltose fails to give an osazone, 
formula II is excluded, because a compound with this structure should form 
an osazone on account of the presence of the grouping: 

I 2 

CHOHCHOH—. 


From the following facts it may be concluded that the trimethylglucose 
from maltose has structure IV (2,3,6-trimethylglucose). On oxidation with 
nitric acid there is produced a dimethylsaccharic acid\ i.e. a dibasic acid 
with a chain of six carbon atoms. From this it follows that one methyl group, 
which is removed by oxidation, must be attached to carbon atom 6. When 
the trimethylglucose is oxidised with very concentrated nitric acid, more 
extensive degradation occurs with the formation of dimethyltartaric acid, 
HOOC(CHOCH 3 ) 2 COOH, so that in the trimethylglucose under considera¬ 
tion, two methoxyl groups must be situated on adjacent carbon atoms and 
only carbon atoms 2 and 3 are available for this purpose. 
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The number of methyl groups in these methylated compounds is deter¬ 
mined by the Zeisel method. By warming the methyl derivative with con¬ 
centrated hydriodic acid, the methyl groups attached to oxygen are split 
off as methyl iodide; the latter is separated from the hydnodic acid present, 
and then treated with silver nitrate to produce silver iodide which is weighed. 

Maltose is represented stereochemically by the following formula: 


* 

a-glucose [a-giucosidic] y5-giucose 
Fig. 49. Maltose 

Since maltose is hydrolysed by the enzyme maltase but not by emulsinase 
and the former enzyme is specific for splitting a-glucosides while the latter 
splits (3-glucosides (179), it is assumed that glucose residue I is combined 
in maltose as in an a-glucoside. Hence carbon atom I x has an a-configuration. 
Further, maltose has an increasing mutarotation like ( 3 -glucose. Hence 
carbon atom II* must have the (3-configuration. Therefore maltose is an 

a-glucoside of ( 3 -glucose. 

174. Cellobiose is a fission product of cellulose (see 186). The hexose resid¬ 
ues in this molecule are also connected by oxygen bridges between carbon 
atoms Ii and II 4 . This is demonstrated in exactly the same way as for maltose. 

In cellobiose, glucose residue I is combined as a (3-glucoside (see Fig. 50), 
since cellobiose is split up by emulsinase: 


^3 -glucose l/J-glucosidic] /3-giucose 
Fig. 50. Cellobiose 

1*75. Lactose or milk-sugar. This disaccharide occurs to an extent of 
4-5 °/ Q in milk and is prepared on a technical scale from it. 

Whey is used for this purpose: this is the liquid which remains after the milk has 
been skimmed and after the skimmed milk, so obtained, has been used for making 
cheese. By these treatments the fats and the proteins in milk are to a large extent 
removed. The whey contains practically all the milk-sugar and a large proportion of 
the mineral constituents present in the milk. Milk-sugar is obtained by evaporating 
whey and is purified by recrystallising the product. 
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Milk-sugar crystallises with one molecule of water of crystallisation, in 
large, hard crystals. It is not so sweet as cane sugar and is split up on hydro¬ 
lysis into (/-glucose and (/-galactose. It gives all the reactions of the mono¬ 
saccharides and therefore contains a free reactive group in the molecule. 
This reactive group is present in glucose residue II, (Fig. 51),for on oxidation 
with bromine water, lactobionic acid, which is split up into (/-galactose and 
(/-gluconic acid on hydrolysis, is produced from milk-sugar. Since milk-sugar 
gives an osazone it follows that along with the reactive group on II lt a free 
hydroxyl group must be present on carbon atom II 2 . Galacto-arabinose, 
which easily forms an osazone, is produced by the oxidative degradation of 
lactobionic acid by Fenton’s method (162), so that a free hydroxyl group 
must be present on carbon atom II 3 . Hence the galactose residue cannot 
be attached to carbon atoms 1, 2 or 3 of II, hence carbon atoms 4 or 6 
remain to be considered. By methylating milk-sugar, an octamcthyl- 
compound is produced, which gives 2,3,6-trimethylglucose on hydrolysis. 
Hence, from this it follows, that in lactose the galactose residue is joined 
to carbon atom 4 of the glucose residue: 



2 h— c —oh 

3 HO- c -H O 

I 

4 HO-C-H 

I 

HOH t C-C-H 
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I 

H-C—j 
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2 
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4 
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Lactose shows mutarotation; both the a- and ( 3 -forms are known. The 
final value of the specific rotation is + 55 - 3 °. Milk-sugar is split hydrolytic¬ 
ally by lactase, an enzyme which is specific for splitting (3-galactosides. It 
is therefore assumed that the galacto-residue in lactose is combined like a 
( 3 -glucoside. The stereochemical representation of milk-sugar is given in 

Fig. 51. 



/J-galactose f/Lgiucosidicl /J-giucose 
Fig. 51. Lactose 
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I7 6. S,.arose or cane sugar. This sugar, which was obtained from the 
sugar-cane in India before the beginning of the Christian era, occurs in very 

many plants and fruits. Sucrose can form large crystals (monoclinic) is very 

soluble in water, sparingly soluble in alcohol, and melts at 184". When strongly 
heated, cane-sugar becomes brown in colour and is converted into a mixture 
of substances called caramel. By recrystallisation from methanol a metastable 
modification of cane-sugar, melting at 170°, can be obtained. 

Compounds of cane-sugar with bases, called saccharates. are known e.g. 
C 12 H„0 n Ca02H 2 0 and C 12 H 22 0 ll2 Ca 0 , which are readdy soluble ,n 
water. On boiling a solution of these soluble calcium saccharates, very 
sparingly soluble tricalcium saccharate, C 12 H 22 0 n 3CaC>3H 2 0, is precipitated. 
^Cane-sugar itself is strongly dextrorotatory, 0 ] D = + 66.5; the mixture 
of equal parts of (/-glucose and (/-fructose (invert-sugar), which is produced 
from cane-sugar by hydrolysises laevorotatory because rf-fructose rotates 
more to the left than (/-glucose does to the right. As a result of hydrolysis 
the sign of the rotation is reversed; hence the name inversion. Invert-sugar 

is the chief constituent of honey. 

Cane-sugar does not possess the characteristic reactions of the mono¬ 
saccharides' it does not reduce an alkaline copper salt solution, it is not 
coloured brown by caustic alkalis and it does not give an osazone. Hence 
there are no reducing groups present in the molecule. From this it follows 
that both the reactive groups in the monosaccharide residues are involved 

in the mode of combination of the two residues. 

This is expressed in the following structural formula: 
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(J-fructosc residue 
(furanoid) 


sucrose 


In this formula the epoxy-oxygen in the fructose residue is attached to car¬ 
bon atoms 2 and 5. This was proved by Haworth as follows. By methylating 
sucrose, an octamcthyl-derivative was produced from which tetramethyl- 
glucose and tetramethylfructose Were obtained on hydrolysis. The tetrame- 
thylglucose appeared to be identical with the tetramethyl-compound pro¬ 
duced by methylating glucose (160); from this it follows that the glucose 
residue in cane-sugar has the same structure as uncombined glucose. The 
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tetramethylfructose, a dextrorotatory liquid, was not identical with the 
tetramethyl-compound produced by methylating fructose; the latter is 
crystalline and laevorotatory. 

On oxidising tetramethylfructose from cane-sugar with nitric acid, there 
is produced according to the reaction scheme given below, a tri methyl- 
fructuronic acid, which still possesses reducing properties. Further oxidation 
of this substance with permanganate in acid solution produces 2,3,5-lri- 
methyl-d-arabinolactone, which is converted into 1 -dimethyltarlaric acid by 

oxidation with nitric acid: 
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tetramethylfructose from sucrose triinethylfructuronic acid 
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2, 3, 5-trimethyl-<f-arabinolactone 


/-dimethyltartaric acid. 


We have here the remarkable fact that uncombined fructose has a different 
structure from the fructose combined in cane-sugar, which occurs in the 
furanoid form. When cane-sugar is hydrolysed by dilute acids the furanoid 
form of fructose passes over immediately into the pyranoid form. When the 
inversion is carried out by means of the enzyme saccharase (208), the rotatory 
power first of all rises rapidly and then slowly decreases until the usual 
final value is reached. The increase at the beginning indicates that a sub¬ 
stance is first split off (furanoid fructose), which is dextrorotatory and even¬ 
tually passes over into the stable laevorotatory (pyranoid) fructose: 
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On the basis of experiments on enzymatic fission, it is accepted that in 
sucrose, the pyranoid glucose residue is combined as an a-glucoside with a 
furanoid fructose residue occurring in the ^-configuration. 

Technical preparation of sucrose (beet-sugar or cane-sugar). Cane-sugar is prepared 
from the juice of the sugar-cane (e.g. in Java. Cuba, etc.). Beet-sugar is brought into 
solution in the diffusion process by extracting sugar-beet, cut up in small pieces, 
with water on the countercurrent principle. The juice is then purified, the aim being 
to remove the organic constituents which have passed into solution from the beet along 
with the sugar, since they hinder the crystallisation of the latter and the acids present 
would bring about inversion during the evaporation of the juice. To this end the juice 
is treated at an elevated temperature with an excess of milk of lime. By this means the 
acids arc neutralised ; besides the calcium salts of oxalic acid, citric acid and phosphoric 
acid, the proteins and colouring matters arc to a large extent precipitated. The mixture 
is then treated with gaseous carbon dioxide to neutralise the excess lime. The purified 
juice, in order to prevent decomposition, is evaporated in vacuum pans. The juice of 
the sugar-cane is treated in the same manner. In this way syrup is produced, which is 
filtered and evaporated down further, again in vacuum pans, until crystallisation 
occurs. The sugar crystals, which are separated from the syrupy liquid, after cooling, 
by centrifuging, are practically colourless. The mother-liquors, syrups still containing 
a large amount of sugar, are evaporated down further to obtain a second crop of 
crystals. The final mother-liquor, (molasses), is worked up to alcohol. The crude sugar 
is dissolved in water and decolourised with decolourising carbon; the solution is then 
evaporated in vacuum pans when colourless crystals are obtained (refining). The 
quantitative determination of cane-sugar is carried out by means of a polarimeter (13). 
A 1 % solution shows a rotation of 0.665° in a 10 cm. tube. This rotation is proportional 
to the concentration, (which is not the case for very many other optically active 
substances) and varies very little with temperature. 


177. Synthesis of disaccharides. The same enzyme which brings about the 
hydrolytic fission of a disaccharide into monosaccharides, can induce the 
formation of the disaccharide from the monosaccharides. Bourquelot 
obtained gentiobiose along with a little cellobiose by treating a con¬ 
centrated solution of ^-glucose with emulsinase. Gentiobiose, which 
occurs in gentian root, contains two glucose residues; the oxygen bridge is 

situated between carbon atoms I x and II 6 . 

Biochemical synthesis of sucrose. From Bacterium pseudomonas saccharo- 
phila Doudoroff, a phosphorylase can be isolated, which is able to bring 
about the fission of sucrose by phosphoric acid: 

C u H n O n + H s P 0 4 (C«H lt O t ] H.PO, + C,H lt O # . 
sucrose d-glucose phosphate <i-fructose 


This reaction takes a similar course to hydrolytic fission; instead of a 
molecule of water, a molecule of phosphoric acid takes part in the reaction. 
This is an example of phosphorolysis. ^-Glucose- i-phosphate, in which the 
hydroxyl group on carbon atom i is esterified with phosphoric acid (Cori’s 



GLU COSIDES 


283 


§ 176-179 - 

ester), is produced along with (/-fructose. This phosphorolysis is reversible. 
In 1944 Hassid, Doudokoff and Barber obtained ^-sucrose by treating 

a mixture of ^/-glucose- i-phosphate and ^-fructose with the above mentioned 
phosphorylase. 

(c) Trisaccharides and tetrasaccharides 

178 A few hexotrisaccliarides of the formula 3C G H i2°o—2ll 2 0 =C I8 H 32 O I0 , are 
known. Mention may be made of raffinose, which occurs in beet molasses, hence the 
name. Cotton-seed contains about 2.5 % of raffinose, which can be isolated by extrac¬ 
tion with methanol. It is decomposed by hydrolysis with acids, with the participation 
of two molecules of water, into ^/-fructose, rf-glucose and ^-galactose. On careful 
hydrolysis with dilute acids or with saccliarase, raffinose is converted into ^-fructose 

and a disaccharide, melibiose. . , 

On hydrolysis, melibiose gives galactose and glucose: this disaccharide is cc-galacto- 

sido- 6 -glucose. When raffinose is hydrolysed by emulsinase, cane-sugar and galactose 

are formed. Raffinose has no reducing properties; it crystallises with live molecules 

of water of crystallisation and has no sweet taste. 

A tetrasaccharkle. stachyose, C 21 H la C) 21 , occurs in the roots of Stachys tub,{era and 

in manna. 


Glncosides 

179. Certain compounds occur widely distributed throughout the vegetable 
kingdom, which are split up on hydrolysis into glucose (163) and a compound 
with an alcoholic hydroxyl group. These substances are called glncosides, 
a name which is frequently used even when the sugar produced on hydrolysis 
is a monosaccharide other than rf-glucose. Glucosides also occur from which 

a disaccharide is produced on hydrolysis. 

One of the earliest known glucosides is amygdaloside, C20H27O11N, obtained 
from bitter almonds. In aqueous solution this substance is split up by 
emulsinase, an enzyme (208) also occurring in these nuts, into benzaldehyde 
(257), prussic acid (55) and glucose (Liebig and Wohler, 1837): 

C 20 H 17 O u N + 2HjO —> C 6 H 6 CHO + HCN + 2C 8 H 12 Oo . 

benzaldehyde glucose 

It has been found that amygdaloside is a glucoside of mandelonitrile (265) 
and the disaccharide gentiobiose (177): 

c g h 6 c—o—(C*H 10 O 4 )—o—(C 6 h„o 5 ) . 

When yeast extract is allowed to interact with amygdaloside, only one 
molecule of glucose is split off from the gentiobiose and prunasin (firunas- 
oside) (the glucoside of mandelonitrile), which also occurs in nature, is 

produced: 

/CN 

C e H 6 C 


H 


O—(C 6 H 1X 0 6 ). 
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(d) Polysaccharides 

180. Compounds belonging to this group occur widely distributed throughout 
the vegetable kingdom, e.g. starch and inulm as reserve-substances, cellulose 
as a constituent of the cell-wall, lichenin as a constituent of lichens and 
pectin (188) as a constituent of plant sap. Glycogen (184), a substance closely 

related to starch, occurs in the animal organism. 

These substances are amorphous in appearance, although X-ray examina¬ 
tion has shown that most of them possess a crystalline structure. 

Cellulose is quite insoluble in water, starch passes into colloidal solution 
in warm water, inulin and glycogen are also soluble in water giving colloidal 
solutions, while among the pectins there are substances which are soluble 
in water and others which are insoluble. The physical properties of these 
substances therefore are quite different from those of the sugars and inci¬ 
dentally they do not possess a sweet taste. These compounds are poly¬ 
saccharides because they are broken down to monosaccharides by hydrolysis. 

The composition of these polysaccharides is represented by the formula 
(C 6 H 10 O 5 ) n in which n expresses the fact that the molecular weights are high. 

181. Starch (C 6 H 10 O 5 )„. Starch is formed in the assimilation process in 
plants from carbon dioxide and water; it is present in large quantities in 
roots, tubers and seeds of very many species (potatoes, grain, tapioca, rice, 
sago, etc.). Starch occurs in the plant in granules differing in size (0.5-170 jx) 
and appearance depending on the species of the plant, as shown in Figures 

53 and 54. 

In its original state, starch is very sparingly soluble in cold water but 
in warm water, the starch-granules swell considerably to form a gel (starch 
paste); on warming further and in presence of sufficient water, a colloidal 
solution (sol) is formed which sets to a gel on cooling. This swelling of the 
starch grain and the formation of a gel is the basis of starching fabrics. 

Thus starch is not molecularly dispersed in solution. It is accepted that 
during the process of solution, water penetrates in between the starch parti¬ 
cles, which consist of aggregates of molecules and which are called micelles , a 
term suggested by Nageli ; the size of the particles or micelles in starch sols 
is affected by various factors and is not the same for different kinds of starch. 

On warming with water, the starch granules undergo a change which can 
be followed microscopically; on swelling the starch granule appears to grow 
into a sac with an elastic wall enclosing a colloidal solution (A. Meyer, 
Beyerinck). By warming starch with water more strongly, or under the 
influence of certain swelling agents, eventually the wall of the sac breaks 
down and is dispersed also. From the formation of vesicles in the solubilising 
process, it is concluded that starch consists of two constituents, amylopectin, 
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forming the membrane of the vesicle and amylose, which collects as a colloidal 
solution inside the membrane (Maquenne). This view, however, is no longer 



Fig- 53- Rice starch ( x 320. linear) 



Fig. 54. Potato starch ( X 250, linear) 

tenable: from microscopic examination it appears that the unswollen starch 
granule does not possess a skin with special properties (Badenhuizen). 
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Since the various layers in the starch granules have identical properties, 
amvlopectin must be distributed in a regular manner throughout the whole 
granule. Both have the composition (C 6 H 10 O 5 ) n - 

The two constituents may be separated from each other almost completely by 
electrodialysis (Samec), or still better by treatment with n-butanol (Schoch). thymo 
(Haworth 3 )! or a number of other substances. A precipitate is then formed, since the 
amylose adsorbs the added substance and so becomes insoluble, while the amylopectin 
remains in solution. In general, the amylose content of starch is 20-30 /o- The starch 
from the so called “adhesive varieties” of a number of cereal crops (rice, maize, barl y, 
etc.) consists entirely of amylopectin, while that from crinkled varieties of peas 

consists almost exclusively of amylose. , n 

The composition of starch is not expressed exactly by the empirical formula C 6 H 10 O 5 . 

since all varieties of starch contain a very small amount of combined phosphorus. For 
potato starch the phosphorus content is 0.06-0.09 %• This phosphorus is present in 
the form of phosphoric acid with one of its hydroxyl groups estenfied with a CH 2 OH 
group in one or more glucose residues in the starch molecule. 

From the reaction product resulting from the hydrolysis of potato starch with 
amylase, Posternak was able to isolate the phosphoric esters of a^^acchande 
and of a tctrasaccharide, viz. C 3 # H 8 ,O 30 [OPO(OH) 2 ] and C 24 H 41 O 20 [ ( )d* e 

latter could be split up further by hydrolysis with dilute sulphuric acid, whereby 

a phosphate ester of glucose was produced: 


CHOH(CHOH) a CHCH t OPO(OH)j. 

I-O - 1 

This compound appears to be identical with a phosphate ester of glucose observed as 
an intermediate product in alcoholic fermentation (Harden, Robison). Its structure 

has been established by synthesis. 

Wheat starch contains about as much combined phosphorus as potato starch. On 
hydrolysing wheat starch, however, the above mentioned phosphate esters of poly¬ 
saccharides are not found but a phosphate ester of glycerol is isolated. Wheat starch 
also contains small quantities of phosphatides (1x9). which are probably combined 
with the carbohydrate constituent of the starch molecule. 


The blue colouration produced on starch by a solution of iodine in potas¬ 
sium iodide solution is caused mainly by amylose: amylopectin and the 
starches from the adhesive varieties are coloured reddish violet and take up 
iodine with much greater difficulty than amylose. The reaction probably 
depends on adsorption phenomena since a similar blue colouration is observed 
with iodine and a number of colloidal substances of very varied chemical 
character. It should also be mentioned that the blue colour produced with 
iodine and starch disappears on warming to 70° and reappears again on cooling. 


182. Structure of starch. A colloidal solution of starch is optically active 
and dextrorotatory. The reducing power is extremely small but unmistakable, 
so that very few reducing groups are present. When starch is boiled with 
dilute acids it is split up giving a practically quantitative yield of ^-glucose, 
showing that both constituents of the starch give this hexose on hydrolysis. 



STARCH 


§l 8 l-l 82 



This fission was discovered by Kirchhoff in 1S11. In the fission of starch by 
malt extract—in which diastase occurs (31, 173, 184, 208)—maltose is the 
main product; isomaltose, in which the two glucose residues are joined by a 
x 6-a-glucosidic bond, is the only other disaccharide, which has been detected 
with certainty (Myrback). 

Intermediate products, the dextrins, are produced by hydrolysis either 
by acids or by diastase. These dextrins are colloidal substances, the size 
of the particles being smaller than in the original starch but varying over 
wide limits. The products isolated as dextrins are in all probability not 
pure chemical substances but mixtures. When their molecular weight is 
above a certain limit, the dextrins are precipitated from aqueous solution 
by alcohol in the form of amorphous flocks; they arc coloured reddish brown 
by iodine. 

By the action of a mixture of acetic anhydride and acetic acid on amylose 
or amylopectin, a triacetate of the composition [C 6 H 7 0 2 ( 00 CCH 3 ) 3 ] n , is 
produced; if this triacetate is treated with alkali and dimethyl sulphate 
the acetyl residues are replaced by methyl groups giving a trimethyl-deriv- 
ative of starch [C 6 H 7 0 2 ( 0 CH 3 ) 3 ]n. From these experiments it may be 
concluded that starch contains three hydroxyl groups per C 6 H 10 O 5 group. 
2,3,6-Trimethylglucose along with a small quantity of 2,3,4,6-tctramethyl- 
glucose is produced on hydrolysing trimethylstarch with dilute acids 
(Haworth). From this it follows that the glucose residues in starch have 
the pyranoid structure (like 2,3,6-trimethylglucose) and that the successive 
glucose residues in the starch molecule are joined together by oxygen atoms 
between carbon atoms 1 and 4. 

Therefore the starch molecule contains one or more chains of glucose 
residues joined together as a-glucosides (Hirst, Haworth). 




The tetramethylglucose, found on hydrolysis of trimethylstarch, is derived 
from the glucose residue A, which contains four free hydroxyl groups. 
Practically the same quantity of tetramethylglucose is found with different 
preparations of trimethylstarch, obtained by methylation of various kinds 
of natural starch, notwithstanding that the preparations examined showed 
great differences as regards the viscosity of their solutions and the size of 
the dissolved particles. From the amount of tetramethylglucose obtained, it 
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follows that the chain from which it is split contains 24-30 glucose residues 
Osmotic measurements, however, show that starch molecules have a much 
higher molecular weight than corresponds with the above result 

Also the very smaU reducing power, due to the glucose residue Z (Fig. 55 ). 
indicates a molecule containing many more than 30 glucose residues. T s 
contradiction is resolved by assuming a branched chain structure for the 
starch molecule, in which the branches contain on the average 27 glucose 
residues (Staudinger). In agreement with this suggestion, it has been 
found that very small quantities of 2,3-dimethylglucose are also foundL in 
the hydrolysis products of trimethylstarch, which makes it probable that 
the terminal group of the side chain Z is attached by its first carbon atom 
to carbon atom 6 of a non-terminal glucose residue. These branching places 
provide the isomaltose (p. 287) produced in the hydrolysis of starch. 
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Fig. 56. Starch, branched chain structure 


After satisfactory methods had been found for separating the two components, 
amylose and amylopectin. it was possible to study these compounds separately. From 
osmotic measurements it follows that amylose has a molecular weight not exceeding 
S o 000 corresponding with a chain length of about 250 glucose residues. After methyla- 
tion and hydrolysis. 0.4 % of tetramethylglucose is found, so that 0.4 % of the total 
amount of glucose occurs as a non-reducing terminal group, i.e. in the ratio of 1 : 250. 
From this it follows that amylose consists of unbranched chains. This is confirmed by 
measuring the reducing power, when it is found that there is only one reducing group 

per 250 glucose units. 

The molecular weight of amylopectin on the other hand, is round about 300,000; 
the molecule contains 3.8 % of tctrahydroxy-terminal groups and only one aldehyde 
grouping to 1500 to 3.000 glucose residues. On the average this corresponds with an 
aldehyde group to about 100 tctrahydroxy-terminal groups. These facts can only 
be explained if it is assumed that the amylopectin molecule is branched. Hence starch 
consists of unbranched chains (amylose) and branched chains (amylopectin) (Fig. 56). 

Besides being broken down by amylase with the addition of water (hydrolysis), 
starch can also be decomposed by phosphorylases, occurring in plants and in animals 
with the addition of phosphoric acid (phosphorolysis). Unlike enzymatic hydrolysis. 


pliosphorolysis is a reversible process: 

starch + H 3 P0 4 ^ glucose-1 -phosphate (Cori’s ester). 


In this way starch has been prepared in vitro (Hanes). The synthetic reaction can 
only occur if polysaccharides corresponding in structure are added previously to act 
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as “seeds". At first only 1111 branched chains were obtained, but after the discovery 
of a phosphorylase which would produce amylopectin, this component also was 
prepared (Peat and Bourne). 


183. Technical preparation of starch from potatoes. The latter arc finely grated to 
rupture the cell tissues and allow the starch granules to escape. By treatment with 
cold water the starch granules are washed out of the tissue in sieves. The water con¬ 
taining the starch is allowed to flow into large vats in which the starch settles and 
is washed and eventually dried. 

Starch is used as a foodstuff, for the preparation of prepared starch and in industry 
for finishing cheap fabrics and paper. It is also worked up into dextrin, which is used 
as an adhesive, and into glucose syrup (plain syrup, potato syrup). 

Starch is an important constituent of many foodstuffs. Whcaten flour consists 
chiefly of this material (about 80 %) and protein (gluten). During the baking of bread 
the starch extracts the water from the dough and in so doing the granules swell up 
and jellify. The proteins from the gluten solidify so that in the bread a continuous 
network of protein is produced which is held together by the swollen starch granules. 


184. Glycogen (C 6 H 10 O 5 )n is a polysaccharide which occurs in the animal organism, 
chiefly in the liver (Claude Bernard, 1S57). Lower plants, especially moulds, also 
contain glycogen. The latter can be isolated from liver by boiling with concentrated 
potash, which destroys the liver tissue but leaves the glycogen unattacked. In its 
chemical behaviour, glycogen is very similar to starch. It dissolves in cold water 
to form a colloidal solution but it does not form a starchlike gel such as is observed 
with starch. Glycogen contains no phosphoric acid. The colloidal solution of glycogen 
does not reduce Fehling's solution appreciably, it is optically active and dextroro¬ 
tatory. 

rf-Glucose is the sole product obtained by hydrolysing glycogen with dilute acids 
and maltose is the main amylolytic degradation product. In a similar way to that 
used for amylopectin, it has been possible to show that the glucose residues are com¬ 
bined by a-glucosidic bonds in branched molecules. The glycogen molecules differ from 
those of amylopectin only slightly in that the degree of branching is higher in the case 
of glycogen and the branches arc shorter. Otherwise the configurations agree. 
A phosphorylase is met with in livers and hearts, which is able to bring about the 
production of glycogen in vitro (Cori). 

185. Inulin (C fl H 10 O 5 )n. This carbohydrate occurs in dahlia tubers, from which it 
can be prepared and it is also met with in many other plants (c.g. in helianthus 
tuberosus and in artichokes). It dissolves to a colloidal solution in water, the solution 
is laevorotatory and shows no reducing power. Fructose is formed exclusively by 
hydrolysis with dilute acids; by hydrolysing trimethylinulin the same furanoid 
trimethylfructose is produced as is obtained from octamethylsucrose(i76). Hence the 
fructose residues in inulin have the furanoid structure. 


186. Cellulose (C 6 H 10 O 5 ) n . The cell walls of plants consist chiefly of cellulose 
and lignin. Linen and cotton consist for the greater part of cellulose. Filter 
paper, which consists of practically pure cellulose, is attacked by concen¬ 
trated sulphuric acid and converted into a soluble product. If this solution 
in sulphuric acid is diluted with water and boiled, hydrolysis takes place 
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and 4 -glucose is produced as the final product. The formation of a sugar-like 

substance by the action of sulphuric acid on linen was observed by Braconnot 

When the hydrolysis of cellulose is carried out by means of 41 % hydro¬ 
chloric acid at low temperatures, the theoretical quantity of glucose is 

produced; when this hydrolysis is carried out very c ™ fun % * 

C I 8 H 3 .X > 16 and a tetrasaccharide C 21 H,X > 21 can be produced (W.llstatter, 

Zechmeister). 

Cellulose is very slowly hydrolvsed by an enzyme licheuase. which is present in the 
alimentary canal of the vine-slug (He!,* Pomatia). In this enzymatic h-ion which 
takes plare more rapidly with cellulose precipitated from cuprammonmm solutio , 

Pr *From'tlie^acUia^cellulose'i^is^possible to distinguish jhc ^ 

4 -glucose and other monosaccharides such as 4-galactose and 4-mannose. 

No solvents are known which will dissolve cellulose without its undergoing 
some modification. Cellulose is soluble, however, in an ammomacal solution 
of copper oxide (Schweitzer’s reagent); the solution so obtained, contal " s 
a complex copper ammonium compound of cellulose comparable with the 
copper alkali compounds from glycerol and the saccharides. Cellulose is 
reprecipitated from this solution by acids; the cellulose so obtained has the 
same composition as the original cellulose but in some respects it possesses 

different properties. 

On treatment with approximately 7 ° % sulphuric acid for a short time followed 
by washing with water, cellulose is converted into a colloidal decomposition product, 
which is coloured blue by iodine and is therefore called amyloid. This property can 
be made use of for testing for cellulose. 


r 8 7 . Structure of cellulose. Cellulose contains free hydroxyl groups; this 
is shown by the formation of esters with both organic and inorganic acids. 
When cellulose, e.g. cotton wool, is heated with acetic anhydride and a little 
zinc chloride, a cellulose acetate is produced corresponding with the compo¬ 
sition [C 6 H 7 0 2 (C 00 CH 3 ) 3 ] n . Under other conditions, acetylation produces 
a mixture of various cellulose acetates but no more than three acetyl 

groups can be introduced into each C 6 H 10 O 5 unit. 

When cotton is treated with a mixture of concentrated sulphuric acid and 
nitric acid, a mixture of cellulose di- and tri-nitrates, the so called nitro- 
celluloses, in varying proportions depending on the concentration and the 
duration of the reaction, is produced. The final product in this reaction is cel¬ 
lulose trinitrate the composition of which corresponds with [C 6 H 7 0 2 ( 0 N 0 2 ) 3 j n . 
It is noteworthy, that in this reaction the original fibrous structure of the 
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cellulose persists in the reaction product; cellulose trinitrate prepared from 
cotton wool has the same appearance as the starting material; the fibrous 
structure is maintained also in cellulose acetates. 

In the methylation of cellulose it has been possible to obtain a trimethyl- 
cellulose, the methoxyl content of which practically agrees with the formula 
[C 6 H 7 0 2 ( 0 CH 3 ).j] n (Deniiam, Irvine, Freudenberg, Haworth). From all 
these observations therefore, it follows that cellulose lias such a structure 
that three free hydroxyl groups are present in each C 6 H I0 O 5 unit. 

A study of the acetylative degradation of cellulose led to an important 
result (Franchimont; Skraup). When the acetylation is carried out with 
acetic anhydride and concentrated sulphuric acid, the octa-acetyl-compound 
of cellobiose (see 174) is produced from which cellobiose itself can be prepared 
by hydrolysis with alcoholic potash. Besides cellobiose acetate, acetolysis 
also produces a small quantity of the acetate of a trisaccharide (Bertrand). 

By hydrolysing trimethylcellulose with dilute hydrochloric acid at o’, 
a mixture of methylated glucoses is produced, which may be converted into 
methylated methylglucosides (160). This mixture of methylated glucosidcs 
is separated into its components by distillation in a high vacuum. In this 
way Haworth obtained 2,3.6-trimethylglucosc along with a small amount of 
tetramethylglucose. By another method of decomposition he obtained from 
trimethylcellulose, a decamethyl-methylcellotrioside, which was split hydro¬ 
lytically into one molecule of tetramethylglucose and 2 mols. of trimethyl- 
glucose. 

All these facts are in agreement with a formula for cellulose put forward 
by Haworth and also by Meyer and Mark, in which glucose units are 
combined like ( 3 -glucosides as in cellobiose (see Fig. 57): 



If the molecule of cellulose consists of an open chain of n glucose units, 
the composition is represented by n (C G H 12 O e )—( n — i)H 2 0 , and for large 
values of n this composition approximates to that of C c H 10 O 5 , the empirical 
formula for cellulose derived from elementary analysis. 

From the formula given above, it follows that all the glucose residues have 
three free hydroxyl groups except the terminal one in which four free 
hydroxyl groups must be present. Hence, strictly speaking, on complete 
methylation a methylcellulose should be obtained having a methoxyl con- 
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tent rather greater than is calculated for a substance of the formula 
r H O (OCH 1 the accuracy of the experiments, however, is not nearly 
Wh^nough todetect such a" small difference. The small amount of tetra- 
methylglucose produced by the hydrolysis of trimethylcellulose is derived 

from glucose residue A. 

The number of glucose units involved in building up the chain-like mole¬ 
cules occurring in natural cellulose fibres, is not known; this number is 
assumed to be about 3,000. In cellulose preparations such as rayon, which is 
prepared from natural cellulose, the length of the cham-like molecules is 


much smaller. . . 

In the above formula, the terminal group in the chain (Z) contains a 

reducing group. Natural cellulose shows no reducing properties; the nature 
of the terminal group is not known. The presence of reducing terminal groups 
can be shown in preparations produced by partial hydrolysis. 

The nitrates, acetates and the methyl ethers of cellulose form colloidal 
solutions in certain organic solvents. The dissolved substance does not consist 
of one molecular species but of molecules of different sizes varying in chain 
length (polymer homologues). Methods of measuring the small osmotic 
pressures of these colloidal solutions have been worked out by various 
investigators, e.g. by E. H. Buchnf.r. The values calculated from these 
results for "the average molecular weight” of various cellulose derivatives 
diverge very considerably depending on the specimen used and the solvent 
Values from 40,000 to 110,000 have been found for cellulose triacetate and 
from 54,000 to 110,000 for cellulose nitrates, and it is undecided whether 
the colloidally dissolved substance is present as molecules or as aggregates 


of molecules. . 

Important conclusions have been reached from investigations on the 

X-ray spectra of cellulose fibres (Scherrf.r, Polanyi, K. H. Me\er, H. 
Mark, Sponsler, P. H. Hermans). A cellulose fibre is built up of very 
small crystals (micelles or crystallites) with the same crystallographic axis 
lying almost parallel with the axis of the fibre, while the remaining axes 
take up different positions in a direction perpendicular to it. These crystallites 
consist of bundles of cellulose molecules of different chain lengths; these 
chain-like molecules are arranged with their long axis roughly parallel to 
the axis of the fibre. The length of the elementary cell in the crystallites is 
10.3 A, which corresponds with the length of a cellobiose chain. 

The crystallites in cellulose nitrate and cellulose acetates are also arranged 
parallel with the fibre axis (J. R. Katz). 


188. Lichenin or reserve cellulose occurs in many species of moss and also 
in smaller quantities in higher plants. 
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On hydrolysis it is completely decomposed into glucose, while partial 
hydrolysis with acetic anhydride and sulphuric acid converts it, like cellu¬ 
lose, into cellobiose. Lichenin is much more readily attacked by enzymes 
(the so-called lichenases) than is cellulose. Lichenases occur fairly wide spread 
in the vegetable kingdom and also in the animal kingdom in invertebrates. 
Reserve cellulose is converted into sugars by lichenase. 

Pectins. Under this name is grouped a number of vegetable substances 
of high molecular weight, which are closely related to the polysaccharides. 

In the soluble form, pectins occur in fruit juices; they easily form gels and 
are used therefore in making fruit jellies. Insoluble pectins occur in the form 
of calcium or magnesium salts in the green parts of plants and in loot*. 
On hydrolysing pectins, methanol, /-arabinose, ^-galactose and d-galacturo- 
nic acid, i.e. an aldehydic acid derived from ^-galactose, are produced. 
Galactan and araban {i.e. polysaccharides derived respectively from galactose 
and arabinose 163), occur in pectins mixed with or adsorbed on pectic acid. 
The latter is a compound of high molecular weight, in which galacturonic 
acid residues arc joined together through oxygen atoms to form a chain 
and in which —COOCH 3 groups occur as well as carboxyl groups. 

189. Lignin. Wood consists mainly of cellulose, which may account for about two 
thirds of the dry material; it also contains 1-2 %of xylan (163) and lignin (up to 30 %). 

When wood is treated with very concentrated hydrochloric acid, the cellulose is 
hydrolysed and the lignin remains behind as a dark brown amorphous mass. Lignin 
obtained in this way is not a chemical individual but a mixture of probably closely 
related substances. 

The structural formula for lignin is not yet known. Lignin has a higher carbon 
content than the carbohydrates and the molecule is partly constructed of substituted 
benzene nuclei; this is apparent from the fact that 3 ..ydihydroxybemoic acid (263) 
is produced along with oxalic acid when the substance is fused with potash. Lignin 
contains in addition, metlioxyl groups (13-20 %) and hydroxyl groups. The methanol 
produced in the dry distillation of wood is a decomposition product of lignin. 

Characteristic reactions for lignin arc the production of a yellow colour with aniline 
and of a red colour with a solution of phloroglucinol in concentrated hydrochloric acid. 


Technical applications of cellulose. Cellulose nitrates-, artificial silk. 

190. Linen is obtained from the stalks of the flax plant. On account of the stability 
of cellulose the linen fibre can be separated from flax by rotting (technically termed 
retting). The separated fibre, which is greyish in colour, is bleached either by exposure to 
sun and air or by treatment with bleach liquor. 

At one time paper was made almost exclusively from linen rags, but at the present 
time a great deal is made from wood-pulp or straw. For this purpose the cellulose 
must be isolated from the wood and separated as well as possible from substances, 
which occur alongside it in the wood (encrusted substances) and which consist 
mainly of lignin. This is accomplished by the sulphite method, in which wood is heated 
under pressure with a solution of calcium bisulphite. \\ hen straw is used as the basis 
for paper, it is heated under pressure with sodium hydroxide solution. By these means 
the encrusted substances are to a large extent decomposed and the greater part of 
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the decomposition products pass into solution, at the same the wood or straw is bleached 
and the cellulose remaining behind is easily divided into fine fibres such as are required 
for making paper pulp. It is not possible, however, to remove the lignin completely 
in this way, hence paper made of these starting materialsstillshows the characteristic 
reactions of lignin and can be easily recognised as a consequence (189). 

Parchment paper is paper in which the surface has been converted into amyloid 
in the way given in 186 to give it rigidity. After treatment with concentrated sulphuric 

acid it must of course be thoroughly washed immediately. 

When cellulose (cotton fibres) is treated with concentrated sodium hydroxide 
solution and then washed with water, it is altered in properties although it remains 
the same in composition. This mercerised cellulose (so-called after the discoverer of 
this reaction, Mercer) can take up water like swellable material and it takes up 
dyestuffs more readily than ordinary cellulose. For these reasons the mercerisation 

of cotton is of great importance for cotton dyeing. 

The nitrates of cellulose, which are usually designated by the incorrect name of 
nitrocelluloses, are of great technical importance. By the action of a mixture of nitric 
and sulphuric acids on cotton, a mixture of mono-, di- and tri-nitrates of cellulose 
is produced, the composition depending on the concentration of the acid employed 


and the duration of the treatment. 

A product with a nitrogen content of 8-10 % consisting mainly of the di-nitrate, 
is collodion. This substance is readily soluble in a mixture of ethyl alcohol and diethyl 
ether; on allowing the solution to evaporate, the collodion remains behind in the form 
of a transparent, elastic film. Collodion is used in the manufacture of celluloid, which 
is a mixture (probably a solid solution) of collodion with camphor. The mechanical 
properties of the resultant celluloid depend on the ratio of the two components. 
Celluloid is used for the manufacture of all sorts of domestic articles and photo¬ 
graphic films. 

Other thermoplastic materials are made from cellulose acetate, which has the advan¬ 
tage of being much less inflammable than cellulose nitrates. 

Guncotton consists of cellulose trinitrate, the nitrogen content being about 13 %, 
i.c. practically the theoretical value for the trinitrate. Cellulose trinitrate is an impor¬ 
tant explosive; when a piece of guncotton is ignited it bums very rapidly with a 
yellow flame but it does not explode. Explosion can be initiated, however, by mercury 
fulminate (157). Gaseous products, viz, nitrogen, steam, carbon monoxide and carbon 
dioxide, arc produced in the explosion of nitrocellulose and as the explosion rate is 
very high guncotton has a violently brisant or high explosive action, unsuitable for 
firearms but excellent for mines, torpedo heads, etc. When guncotton is treated with 
solvents like acetone, ethyl acetate, alcohol-ether, it swells up and after evaporating 
off most of the solvent, a colloidal mass remains behind, which bums more slowly 
and will explode the original guncotton. These preparations, the explosion velocity 
of which can be regulated by the method of preparation, form the basis of smokeless 
and almost smokeless powder, which is used in large quantities for making ammunition. 
These explosives frequently contain glycerol trinitrate (112) as well as cellulose trinitrate. 

Another application of cellulose nitrates and cellulose acetates is to be found in 
the manufacture of soluble lacquers. The cellulose derivative is dissolved in appropriate 
volatile organic solvents. On evaporating the latter from the solution, the cellulose deri¬ 
vative remains behind as a bright clear film, impervious to water. 


191. Rayon or artificial silk. In the preparation of artificial fibres from cellulose it is 
necessary first to convert it into a soluble derivative. The solution is then forced 
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through a “spinneret” having a number of very fine openings, into the spinning bath, 
in which the cellulose compound is coagulated as such or the soluble cellulose derivative 
is decomposed so that regenerated cellulose is precipitated. In either case the colloidal 
material separates in the form of a bundle of very fine fibres, which are drawn out 
during the coagulation and spun to form a thicker thread. The thread obtained in 
this way, has the bright external appearance of natural silk and is used in very large 

amounts in the textile industries. 

The oldest method is that of Di-: Chardoxnet in which cellulose nitrate dissolved 
in a mixture of alcohol and ether (collodion) serves as the starting material ; the thread 
obtained from this solution is “denitrated”; the nitro-groups arc reduced and the 
resultant amino-groups split off simultaneously by hydrolysis. '1 his is done by means 
of a solution of NaSH or NH.,SII. The Chardoxnet process has to a large extent been 

replaced by better methods. 

The viscose process (Cross. Bevan and Beadle) is extremely important. By treat¬ 
ment with caustic soda, the cellulose is converted into the so-called alkali cellulose, 
which is then treated with carbon disulphide, when xanthate esters are pro< ucc< 
(compare 154); this can be represented schematically as follows: 


[C 6 H 10 O 6 ) x + xCS. + xNaOH —> (CcILOJO—C 


\SNn 


xHoO. 


This cellulose xanthate gives a very viscous colloidal solution (viscose) in dilute caustic 
soda. By injecting such a solution into an acid bath, e.g. a solution of dilute sulphuric 
acid and alkali sulphate, the cellulose xanthate is decomposed and cellulose is repreci¬ 
pitated. . .... t 

In the cuprammoninm process, cellulose is dissolved in an ammoniacal solution of 

copper hydroxide and the solution injected into an acid bath in which the cellulose 
is regenerated. 

Acetate silk is manufactured from cellulose triacetate dissolved in acetone. By 
injecting the solution into warm air the acetone evaporates and cellulose triacetate 

separates in the form of a thread. 


Alcoholic fermentation 

192. Alcoholic fermentation (31) was already known in antiquity, but only 
in the 19th and 20th centuries has an insight been obtained into the chem¬ 
ical and biochemical reactions taking place. 

Lavoisier established round about 1789, that during fermentation, sugar 
was broken down into alcohol and carbon dioxide without the addition of 
water or any other substance. Gay Lussac established the equation for this 

decomposition (1813): 

C 6 H 12 O s —> 2C £ H fi O + 2CO0. 
glucose alcohol 

Actually about 95 % of the sugar is recovered in the form of alcohol and 
carbon dioxide (in equivalent quantities). The question as to the part played 
by the yeast in this process has been answered in different ways. From obser- 
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rations by Cagniard Latour, Schwann and Kutzing (1837) it appeared 
that yeast belongs to the lower order of plants, from which the conclusion 
is drawn, that the decomposition of sugars is connected with the vital pro- 
sesses of the yeast cells. This theory was extended and confirmed by the 
ingenious researches of Pasteur (i860). He came to the conclusion that 
fermentation cannot be separated from living and multiplying yeast cells. 

In 1897, however, E. Buchner showed that fermentation may also occur 
in the absence of living yeast cells. He ground yeast, which had been dried 
at a low temperature, with quartz sand and kieselguhr and so ruptured the 
cell walls so that the semi-liquid cell contents could be soaked up by the 
kieselguhr. The dough-like mass was then subjected to high pressure when 
a liquid, the press-juice, was squeezed out and was separated from a few 
suspended cells, which it still contained, by filtration. This press-juice is 
able to bring about the fermentation of sugar solution, although this 
fermentation takes place more slowly than fermentation with an equivalent 
quantity of yeast. Fermentation is not brought about by live yeast remaining 
in the press-juice, since the action continues on the addition of an antiseptic 
like toluene. The fermentation is therefore caused by constituents of the 
protoplasm of the yeast cells present in the press-juice. It is assumed that 
a complex of enzymes (207), called zymase by Buchner, is present in the 
press-juice, which is able to split glucose into alcohol and carbon dioxide 
in the presence and with the help of phosphates. This zymase-complex is 
attached to the protoplasm of the cell; it has not been possible to isolate 
the individual enzymes from the press-juice. 

193. When the structure of glucose is compared with that of alcohol 
and carbon dioxide, it is clear that very drastic alterations must take place 
in the glucose molecule; actually an oxidation product (C 0 2 ) and a reduction 
product (C 2 H 5 OH) are produced. It must also be assumed that these 
substances are formed as a result of a number of rapid reactions, in which 
various intermediate products will occur. On the basis of investigations 
by Harden and Young, Neuberg, Meyerhof, Embden and others the 
course of alcoholic fermentation can be represented as follows. First of all, 
by the action of phosphates present in the yeast, a di-phosphate ester, I, is 
formed from the glucose, which is then split up in the fermenting liquid 
under the influence of a ferment hexokinase, into a mono-phosphate of 
dihydroxyacetone, II, which in its turn forms an equilibrium with the phos¬ 
phate ester of glyceraldehyde, III (Meyerhof): 

C eH lt O, + H 3 PO 4 ->-C,H 10 O 1 (I>O 4 H 1 ) 1 ^2CH a O{rO s H l )COCH 2 OHi± 

hexose di-phosphatc phosplio-dihydroxyacetone 
I. II. 

C H s O(P 0 1 H,)CHOHCHO. 
phospho-glyceraldchydc 

III. 
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Subsequently the hydrated form of phosphoglyceraldehyde, IV, is dehy¬ 
drogenated to produce §-phosphoglyceric acid V. This is brought about by 
a hydrogen carrying ferment, in which the active group, cozvmase, is 
attached to a protein (compare 205 and 351b In this process cozymase 
takes up two atoms of hydrogen and is converted into dihydro-cozymase 
(Von Euler; Warburg): 

CH 2 0 (P 0 3 H 2 )CH 0 HCH( 0 H) a + (cozymase + protein A)—>- 

IV. 

CHjOfl’OjHjICHOHCOOH + (dihydro-eozvmasc + protein A). 
(2-phosphoglyceric acid 

V. 

The p-phospho-glyceric acid, V, then passes over into the isomeric a-phospho- 
glyceric acid, VI, from which the phosphate ester of the enol form of pyruvic 
acid, VII, is produced by the splitting off of water under the influence of 
enolase : 

V —> CH 2 0HCH0(P0 3 H 2 )C00H —> CH S = CO(PO,Hj)COOH + H.O 
a-phospho-glyceric acid phospho-pyruvic acid (enol) 

VI. VII. 

VII + C 0 H 12 O 6 —> CHjCOCOOH + C 6 H 10 O 1 (PO 4 H) 2 -f 2H 2 0 . 

pyruvic acid I. 

VIII. 

The ester VII, reacts with glucose with the formation of pyruvic acid, VIII, 
and glucose diphosphate, I. The pyruvic acid is then decomposed into 
acetaldehyde and carbon dioxide under the influence of the ferment car¬ 
boxylase (Neuberg): 

CH 3 COCOOH—► CHjCHO + C0 2 . 

VIII. acetaldehyde 

The acetaldehyde is reduced to ethanol, the necessary hydrogen being 
provided by dihydrocozymase, which is converted into cozymase in the 
process. The dihydrocozymase is again bound up with a protein, which is 
different from the protein to which cozymase is attached, according to 
Warburg. 

o 

CHjC^ + (dihydrocozymase + protein B )—> CH 3 CH 2 OH -f (cozymasc + protein B). 

According to this reaction scheme alcohol and carbon dioxide are produced 
in equivalent quantities. 

A little glycerol, about 3 %, is always found as a by-product in alcoholic 
fermentation. This may be formed by the reduction of phospho-dihydroxy- 
acetone, II, or of phosphoglyceraldehyde. III, and fission of phosphoric acid, 
the necessary hydrogen being provided by dihydro-cozymase. When calcium 
bisulphite is added to a fermenting solution of glucose, the fermentation 
process is not inhibited but quite different products, namely, acetaldehyde 
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u, T ... 

uJl‘‘! nL "niilto .1. acetaldehyde i. (v d >, the btalplut, compoand 
and cannot be reduced to alcohol; the formation of glycerol therefore pre¬ 
dominates. Alcoholic fermentation is such a complicated Process that 
the mechanism of the reaction is still not fully established in all its aspects. 

Alcoholic fermentation proceeds best at temperatures between 30“ and 37°; too 
hig h a concentration of su£r is detrimental for the deve.op.nent of ^east 

there arc those which live on the surface of the fermenting hquid (top y'east)and 
others which collect on the bottom of the vat (bottom yeast). Besides glycerol, small 

amounts of acetaldehyde and acetal are also formed as ^ 

fermentation. The alcohols in fusel oil (2-methylpropanol-i and pen tan o Is see 35 ). 
which are produced as by-products in the preparation of alcohol from starch are not 
formed from glucose but originate from amino-acids (sec 194). Certain kinds of bacteria, 
which are able to bring about alcoholic fermentation, arc also known. 


Besides alcoholic fermentation, many other fermentation processes are 
known, such as the fermentation of milk-sugar to form lactic acid and 
butyric acid, the formation of butyl alcohol and acetone from starch and 
that of citric acid from glucose. A number of reactions are grouped together 
under fermentation processes, in that they take place at temperatures of 
about 20 0 to 50°, usually with the evolution of gas and a positive heat effect, 
and micro-organisms (yeast cells or bacteria) play a part. 

rf-Glucose is converted in the animal body under the influence of ferments into 
{/-lactic acid. For part of the process the same intermediates are involved as in alcoholic 
fermentation; the pyruvic acid, however, on account of the absence of carboxylase 
is not split up as it is formed into acetaldehyde and carbon dioxide, but is reduced 

to lactic acid. 


(xii) AMINO-ACIDS 

194. Amino-acids are derivatives of alkane carboxylic acids, in which one 
or more atoms of hydrogen in the alkyl group are replaced by NH 2 . They 
form an important class of compounds, since various amino-acids are obtain¬ 
ed as fission products of proteins; at least twenty four amino-acids of known 
structure have been found in such products. Some amino-acids or their 
amides occur in the free state in the vegetable kingdom. 
Mono-amino-acids can be prepared in various ways. 

1st By the action of ammonia on halogeno-fatty acids (129): 

H,NH + CIH.CCOOH—►H,NCH 1 COOH + HC 1 . 
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2nd A good preparative method for i-atninu-acids {y.-a mi no-acids) con¬ 
sists of allowing alcoholic ammonia to react with aldehyde cyanhydrins (59) 
and subsequent hydrolysis of the resultant amino-nitrile (Stkecker): 

hcn NHj h,o 

CHjCHO —► CH3CHOHCN — >- CH 3 CHNH 2 CN —> CH,CHXH,COOH. 

lactonitrile nitrile of alanine alanine or i-aininocthanc 

1 -carboxylic acid 

3rd Starting from ketonic acids (147), these may be converted into their 
oximes or hydrazones, which are then reduced, e.g .: 

NHjOH Na amalgam 

CH 3 COCOOH —CH 3 C(=NOH)COOH —> C H 3 C HXH,C OOH . 

pyruvic acid oxime alanine 


i-Amino-acids may be obtained directly from i-keto-acids by reducing a mixture 
of ketonic acid (as ammonium salt) and ammonia with hydrogen with the aid of a 
palladium catalyst (Knoop). A kelimido-acid is probably produced as an intermediate 
product: 

H,C-C-COOH + NH S -> H 2 0 + HjC-C-COOH + H 2 —H a C—CH(NH 2 )— COOH 

|| catalyst 

O NH 

This reaction can also occur under the catalytic action of certain enzymes. 

Conversely, 1-amino-acids may be oxidised by oxygen to keto-acids via imino- 
acids formed as intermediates. This reaction takes place in the presence of dehydro¬ 
genation ferments ( dehydrascs , compare 351), which occur in the liver and in the kidneys 
(Krebs); the hydrogen, which is split off, is taken up by a reduceable co-enzyme and 
is eventually oxidised by oxygen to water: 

R_CH|NHjl-COOH —> 2 H + R—C —COOH 

NH 

R—C—COOH + H.O— > R—C — C OOH. 

11 " }l 

NH O 


The amino-acids are well defined crystalline compounds; the majority 
are readily soluble in water, sparingly soluble in alcohol and insoluble in 
apolar organic solvents. From investigations on the dissociation constants 
it appears that in aqueous solution an amino-acid is present chiefly in the 
form of amphoteric ions (Bjerrum), as shown below: 

H 

+ I 

HjN-C-COO- 

R 


In these ions the positive charge on the nitrogen atom and the negative 
charge on the COO - group are separated by the grouping H—C—R. 


Also in the solid state it is accepted that the amino-acids have the structure 
of internal salts; the solubilities of the amino-acids are in agreement with 
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the fact that they cannot 
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the high melting points of these compounds and 
be distilled without undergoing decomposition. 


The I- and 2-amino-acids give well defined, crystalline copper salts, whrch are 
intensely blue in colour and sparingly soluble in water. These sails are only very 
lughtly dissociated in aqueous solution; a precipitate of copper sulplr.de rs produced 
U ydrogen sulphide, but most of the other reactions for copper .ons remarn negat.ve 
Cupric oxide is slowly formed on boiling with alkalis. It .s assumed therefore, that he 
copper is combined in the form of a complex, i.e. with two heteropolar bonds to the 
COO- groupings and with two coordinate bonds to the nrtrogen atoms. 

NR, R,N 

H 2 Ci -^ /-iCH a 

Cu 

OC'- 


CO 




n 


The possibility that the copper may have replaced a hydrogeo atom of one of 
the NH, groups, is excluded, because dialkylamino-acids of the type (R) 2 NCH 2 COOH, 

also give complex copper salts. 

Various amino-acids give double compounds with metal salts like calcium chloride, 
which gives CaCl 2 H 2 NCH 2 COOH 3 H 2 0 with glycine. Many i-amino-acids give an 
intense red colour when an aqueous solution is treated with ferric chloride. 


Amino-acids can be esterified by passing hydrogen chloride into an alco¬ 
holic solution; the hydrochlorides of the esters, e.g. Cl(H 3 N)CH 2 COOC 2 H 5 , 
separate. These esters have basic properties, since they contain no free 
carboxyl groups. The esters can be obtained from the hydrochlorides by 
treating the latter at low temperatures with caustic potash solution and 
immediately extracting with ether. The esters of the amino-acids can be 

distilled in a vacuum without decomposition. 

Various substituents can be introduced into the amino-group of the amino- 
acids. One of the atoms of hydrogen is replaced by" an acid radical by the 
action of acid chlorides, with the production of a substituted amide: 


RCOCl + HHNCH 2 COOH —> RCONHCH,COOH + HC 1 . 

Amino-acids are also known in which the hydrogen of the amino-group is 
replaced by alkyl. These acids can be prepared by the action of amines on 

halogeno-acids: 

(CH,|,NH + ClHjCCOOH —> (C H S ),NC H t C OOH + HC1. 

Hydroxy-acids (130) are produced by the action of nitrous acid on 
unsubstituted amino-acids: 


CHjNH.COOH + HONO—► CH a OHCOOH + H a O + N,. 
aminoacctic acid glycollic acid 

On careful heating in high boiling solvents some amino-acids split off 
carbon dioxide and are converted into amines: 
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(CHjIjCHCHjCHNHjCOOH 

leucine 


(CH 3 ) 2 CHCH 2 CH 2 NH> 4- CO, 
fsoainvlainine 


The I-, 2- and 3-amino-acids show a similarity to the 1-, 2- and 3-hydroxy- 
acids in the following reactions. The i-amino-acids {x-amino-acids) easily 
give anhydrides (amides) by the fission of two molecules of water from two 
molecules of acid (Curtius). These compounds are called diketopiperazmes\ 


H 

H t C—N— H HO C = 0 
O-C-OH H-N-CH, 

I 

H 


H 

I 

H„C—N—C=0 

'I I 

0=C—N—CH. 

I 

H 

diketopi perazine 


They may also be formed from esters of i-amino-acids, when two molecules 
of alcohol are split off. 

The 2-amino-acids (^-amino-acids) can split off ammonia with the for¬ 
mation of unsaturated acids (99): 

CH.NHjCHjCOOH —> NH, + CH t =CHCOOH. 

2-aminoethanc i-carboxylic cthone carboxylic 

acid acid 

The 3-amino-acids (y-amino-acids) , like the 3-hydroxy-acids give internal 
anhydrides, which are called lactams by analogy with the lactones. 


H S C—CH,- ch 2 — c=o 
N H HO 


H 

3-aminobutyric acid 


H.C — CH,- CHj- C = Q 


H 

lactam of 3-aminobutyric acid or 
y-butyrolactam 


All the amino-acids found among the fission products of proteins are 
i-amino-acids. This group of acids therefore is discussed in more detail. 
All the i-amino-acids except aminoacetic acid have an asymmetric carbon 
atom in the molecule. Diamino-acids, monoamino-dicarboxylic acids, hydroxy- 
amino-acids, amino-acids containing sulphur and amino-acids substituted 
by cyclic groups of atoms, are also found amongst the fission products of 

proteins. 

Mono-amino-monocarboxylic acids 

195. Aminoacetic acid, aminomethane carboxylic acid, glycine, glycocoll 
NH 2 CH 2 COOH, was observed by Braconnot as early as 1820 as a fission 
product of animal gelatine (glue) by boiling with baryta water. Glycine is 
produced by the hydrolysis of many proteins particularly gelatine 

(yXuxocr = sweet, xoXXyj = glue). 



302 


COMPOUNDS WITH TWO OR MORE FUNCTIONAL GROUPS CH. 8 

Glycine can be prepared as follows (Klages). Methanal. ammonium chloride and 
potassium cyanide are brought together in cold aqueous solution, when methene- 

aminoacetonitvile crystallises from the solution. 


H\ HCN /-OH NHj 

c=o —► H 2 C —► 

H/ ^CN 

methanal 


H 2 C 


NH, 0=CH, /N=CH 2 
* _> H 2 C 

CN \CN 

mcthcneaminoacetonitrile 


By boiling with alcoholic hydrochloric acid, hydrolysis takes place with the splitting 
off of ammonia and methanal and subsequent esterification, by which the hydrochloride 

of glycine-ester is produced: 


✓ N=CH, /NH|HC1 

H.C -> H a C 

\CN \C0 2 C*H 5 


glycine-ester hydrochloride. 


Hippuric acid, a substance, which occurs in the urine of herbivorous animals (horses), 
on boiling with dilute acids takes up a molecule of water, like all acid amides, and is 
converted into glycine and benzoic acid: 

C,H t CONHCH,COOH —C.H.COOH + NH 2 CH 2 COOH. 
hippuric acid benzoic acid glycine 

Benzoic acid is formed during the metabolism of constituents of herbivorous food 
and also by the action of intestinal bacteria on phenylalanine, which is a structural 
unit of proteins. The benzoic acid is made innocuous in the organism by forming 
the benzoyl derivative of glycine, hippuric acid. Hippuric acid also occurs in small 
quantities in human urine. It can be obtained synthetically by the action of benzoyl 
chloride on glycine. 

The mono-methyl derivative of glycine, sarcosine H 3 CNHCH 2 COOH, is a degradation 
product of creatine, a substance, which occurs in the form of a compound with phospho¬ 
ric acid, to the extent of about 0.3% in muscle fibre. Creatine is a guanidine derivative 
(153). It may be prepared synthetically from cyanamide and sarcosine: 

/CH 3 /CH, 

H.NCEN -f HN —CH,—N 

\CH,COOH | \C=NH 

cyanamide sarcosine COOH 

NH. creatine 

By splitting off a molecule of water from creatine, creatinine, which occurs in urine, 
is produced: 

/CH, 

HjC—N 

N=H . 

0 =C— 

I 

H creatinine 


Betaine C 6 H n 0 2 N, occurs in many plants, e.g. in beetroot juice and there¬ 
fore in molasses; it crystallises with i mol. of water and melts, when anhyd¬ 
rous, at 293 0 ; it is a very stable compound. 

The structure of betaine follows from its formation by the addition of 
trimethylamine to mono-chloroacetic acid with the removal of hydrogen chlor¬ 
ide. The molecule of betaine may be regarded as an amphoteric ion: 
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(H , C)j N + ClCH 2 COOH —>• (HjCIjNCHjCOO + MCI. 

betaine 


In the betaine molecule, the formation of an internal salt, as occuis also 

with other amino-acids, can be recognised. 

Other tertiary amines containing a carboxyl group, also, can form 
internal ammonium salts, which are generally called betaines. In accordance 
with their salt-like character, betaines are readily soluble in water, insoluble 
in apolar organic solvents and have high melting points. 

1- Aminopropionic acid, dl -alanine, CH 3 CH(NH 2 )COOH, can be made 
from i-chloropropionic acid and ammonia or from acetaldehyde (63)’ 

/-Alanine is a fission product of proteins. 

2- Methyl-i-aminopropane i-carboxylic acid, i-amino-isovalenc acid or 
valine, (CH 3 )CH(CH 3 )CH(NH 2 )COOH, can be prepared from i-bro,no-iso¬ 
valeric acid and ammonia. Optically active valine occurs in the free state in 
germinating lupin seeds and is also found in small quantities in the 
hydrolysis products of proteins. 

j-Methyl-i-aminobutane i-carboxylic acid, leucine, (CH 3 )CH(CH 3 )CH.,CH- 
(NH 2 )COOH, is an important fission product from proteins. Proust and 
Braconnot (1820) observed that this substance is formed by' the decom¬ 
position of cheese or meat. Leucine also occurs in germinating seeds; 
^//-leucine can be prepared by the action of hydrocyanic acid on 3-mcthyl- 
butanal-ammonia and hy ; droly r sis of the resultant nitrile: 


/-h 


(CH 3 )CH(CH 3 )CH 2 CH(NH 2 )CN 


(CH 3 )CH(CH 3 )CH 2 C — OH -f HCN — 

\NH, 

3-inethylbutanal-ammonia 

—> (CH 3 ) 3 CHCH 2 CH(NH 2 )COOH. 

leucine 


2-Methyl-i-aminobutane i-carboxylic acid or isoleucine, CH 3 CH 2 CH(CH 3 )- 
CH(NH 2 )COOH, occurs along with leucine in molasses and in the germin¬ 
ating seeds of vicia sativae and has also been observed as a fission product 

of proteins. 

The structure is apparent from the following symthesis (F. Ehrlich): 

CH 3 \ Br 2 CH 3 \ 

CHNa(COOC 2 H 5 ) 2 -+- CH 3 CHBrCH 2 CH 3 CHCH(COOH 2 ) —> CHCBr(COOH) 2 

diethyl Na malonate sec-butyl bromide C;H 5 / C 2 H 5 -^ 

CH,\ CH 3 \ 

CHCHBrCOOH —>- CHCH(NH 2 ) C OOH. 

c 2 h 5 ^ • , 

<//-x 5 oleucme 


/soleucine contains two asymmetric carbon atoms. 

Leucine, isoleucine and valine can be split up by y'easts according to the equation . 
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CH,\ 


C.H S 


CHCH(NH.)COOH + H.O 


CH5X chch : oh + co, + nh,. 
c 2 h 5 ^ 

active amyl alcohol 


isoleucine 

The alcohols, which occur is fusel oil (Jl. 35 ). ^ produced in accordance with this 
reaction (F. Ehrlich) by the action of yeast on the above mentioned amino-acids, 
the latter being formed from proteins which are present in the material (gram, 
potatoes) used for the preparation of alcohol. 


Mono-amino-dicarboxylic acids 

196. 1- Aminoethane i ,2-dicarboxylic acid, aminosuccinic acid or aspartic acid, 
COOHCH(NH 2 )CH,COOH, is found as a fission product of proteins. The 
structure is apparent from its formation from bromosuccinic acid and 
ammonia and from the formation of malic acid by the action of nitrous acid 
on aspartic acid. A mono-amide of aminosuccinic acid, asparagine, 
H.,NCOCH .,CH(NH 2 )COOH, occurs in the laevo-rotatory form in germinating 
seeds, e.g. of lupins and also in asparagus; /-asparagine is tasteless,^/-aspara¬ 
gine tastes sweet. . 

1-Amino propane i ,3-dicarboxylic acid, aminoglutanc acid or glutamic acid, 

COOHCH(NH 2 )CH 2 CH 2 COOH, is also produced by the hydrolysis of albu¬ 
min. The mono-amide of this acid, glutamine, occurs in the vegetable king¬ 
dom, especially in germinating seeds. Asparagine and glutamine are found as 
fission products of some proteins on enzymatic degradation. 

Under the influence of certain enzymes occurring in many animal tissues and also 
in plants and in micro-organisms, a remarkable reaction can take place between 
/(_p).glutamic acid and pyruvic acid (or another i-keto-acid). As a result, the ketonic 
acid is converted into a 1-amino-acid, while keto-glutaric acid is produced from the 
glutamic acid; the reaction is reversible (Braunstein and Kritzmann): 

HOOCCHjCHjCHNHjCOOH + H S C C OCOOH ^ HOOC CH a CH,COCOOH 
glutamic acid pyruvic acid ketoglutaric acid 

+ CH,CH(NH t )COOH. 
alanine 

On the other hand, glutamic acid can be produced again from ketoglutaric acid in 
the way described on p. 299; according to Von Euler, enzymes, which bring about 
this formation of glutamic acid, are present in many animal tissues; 

HOOC CHjCHjC OCOOH + NH S + 2H —> H.O + HOOCCH t CH,CHNH,COOH. 

Glutamic acid can therefore serve as an intermediate product in the biochemical 
synthesis of amino-acids. 


Diamino-mono-carboxylic acids 

197. 1,4-Diaminobiitane i-carboxylic acid or ornithine, H 2 NCH 2 CH 2 CH 2 CH- 
(NH 2 )COOH, and i,5-diaminopentane i-carboxylic acid or lysine are both 
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found as fission products of proteins; ornithine is not a primary fission 
product but is produced by the decomposition of arginine. By the action of 
some species of bacteria, e.g. of coli bacilli, ornithine and lysine are decom¬ 
posed with the evolution of carbon dioxide and the formation of the diamines 
1,4-diaminobutane ( putrescine) and 1,5-diaminopentane [cadaverine) (117), 
which occur amongst the decomposition products from rotting protein mat¬ 
ter. This mode of decomposition makes the structures given above for these 
two diamino-acids, very probable and in both cases the structure has been 
proved by synthesis. 

The synthesis of lysine is carried out as follows (E. Fischer). Sodium ethyl malonate 
is treated with 3-chloropropane i-carbonitrile when diethyl 4-cyanobutane 1,1-dicar - 
boxylate is produced, which is converted into the sodium salt of an oxime, with the 
liberation of carbon dioxide and alcohol, by treatment with ethyl nitrite and sodium 
alcoholate. The NOH-group is reduced to NH 2 and the cyano-group to CH 2 NH 2 by 
the action of sodium and alcohol with the production of optically inactive lysine: 

(C 2 H 5 OOC) 2 CHNa + C 1 CH 2 CH 2 CH 2 C N —> (C.HjOOC ) 2 C H(C II..) 3 C N 

ethyl-Na-malonate 3-chloropropane diethyl 4-cyanobutane 

i-carbonitrile i.i-dicarbo.xylate 

C.H.ONO /COOC t H 6 CjHjOH + Na 

-->NC(CH 2 ) 3 C + co 2 + C 2 H 6 OH - > 

CjHjONa ^NONa 

H,NCH 2 (CHj)jCH(NH,)COOH i, 5-diaminopentane-i-carboxylic acid or lysine. 

1- Amino-4-guanidinobntane i-carboxylic acid or arginine is a fission product 
of proteins and occurs also in the free state in both the vegetable and animal 
kingdoms. It may be considered as a guanidine derivative (153) which is 
also a diamino-acid. ^/-Arginine is obtained synthetically by the action of 
cyanamide on ornithine (Schulze) : 

HOOC CH(NH,) (CH 2 ).CHjNH 2 + N=CNH Z —■> HOOC CH(NH.)(CHj),CH.-N— C—NH a . 
ornithine cyanamide arginine H NH 

2- A mino-5-carbamidovaleric acidov citrulline, H 2 NCONH(CH 2 ) 3 CH(NH 2 )COOH, may 
be isolated from water melons ( citrullis vulgaris). It can be produced from arginine 
by the action of micro-organisms. 


Hydroxy-amino-acids and amino-acids containing sulphur 

198. 2-Hydroxy-i-amin opr op ionic acid or serine, HOCH 2 CH(NH 2 )COOH, is 
produced by the hydrolysis of proteins, particularly sencin, a constituent 
of natural silk. The structure of serine follows from its conversion into 
glyceric acid CH 2 OHCHOHCOOH by the action of nitrous acid, from its 
conversion into alanine by reduction with hydriodic acid and from its 
synthesis from glycolaldehyde CH 2 OHCHO with hydrocyanic acid and 

ammonia. 
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dl .Serine can be prepared by treating ethyl acrylate, I, (Wood and Du Vigneaud) 
with bromine when ethyl dibromoacrylate, II, is produced: 


H.C = CHCOOC,H s + Brj—> CH 2 BrCHBrCOOC,H 6 . 

I 11 

By the action of sodium ethoxide on II. the terminal Br-atom is replaced by OC,H t : 

hydrolysis 

CH : BrCHBrCOOC 2 H & + NaOC 2 H 6 —> C t H 5 OCHjCHBrCOOC,H 5 > 



CjHjOCHjCHBrCOOH 

IV 


nh 4 oh 


C 1 H s OCH 2 CHNH*COONH 4 

V 


HBr 




CHjOHCHNHjCOOH. 

serine 


III is hydrolysed to the corresponding acid, IV, in which the bromine atom is replaced 
by NH 2 (V) by the action of ammonia; serine is produced by treatment of V with 

hydro bromic acid. 

i-Amino-2-hydroxybiityric acid or d(—)-threonine, CH 3 CH(OH)CH(NH 2 )- 
COOH, a homologue of serine, is a fission product from many proteins 
(Rose, 1934); it gives i-aminobutyric acid on reduction with hydriodic acid. 
The structure of this amino-acid has been proved by synthesis. It is called 
threonine because the spatial configuration of the form occurring in nature 

is similar to that of rf(-)-threose (163). 

Cysteine HSCH 2 CHNH 2 COOH, is an example of an amino-acid contain¬ 
ing also a thiol grouping. The structure follows, for example, from its rela¬ 
tionship with serine, from which cysteine is obtained by heating with phos¬ 
phorus penta-sulphide. Cysteine is easily converted into cystine, HOOC- 
CHNH 2 CH 2 S—SCH 2 CHNH 2 COOH, by atmospheric oxidation. 

Cystine, C 6 H 12 0 4 N 2 S 2 , was observed by Wollaston as early as 1810 as 
a constituent of bladder stones, hence the name (xvcruq = bladder). Cystine 
is very sparingly soluble in cold water but readily soluble in alkalis; it is 
produced in appreciable quantity by the hydrolysis of keratin (see 201). 
Cysteine is produced from cystine by reduction with tin and hydrochloric 
acid. 

This reduction may also be brought about by putrifying bacteria; the 
cysteine so produced may be reduced by them still further with the produc¬ 
tion of hydrogen sulphide. 

Methionine CH 3 SCH 2 CH 2 CH(NH 2 )COOH, also is a sulphur containing 
amino-acid found as a degradation product of proteins. 


It stimulates the growth of rats fed on a diet deficient in cystine. Methionine 
is converted into cystine biochemically. This is demonstrated by feeding rats with 
methionine containing radioactive sulphur, when the latter is recovered in radioactive 
cystine derived from tissue proteins. 
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199. 2-Phenyl-i-aminopropionic acid or phenylalanine, C 6 H 5 CH,CH(NH 2 )- 
COOH, is one of the fission products of fibroin, a protein occurring in silk. 

2-(p-Hydroxyphenyl)-i-a m in opropion ic acid, hydroxy phenylalanine or tyro¬ 
sine, HOC 6 H 4 CH 2 CH(NH 2 )COOH, was first observed as a decomposition 
product of cheese (Tvpoc). It is produced also in the hydrolysis of many 
other proteins. It occurs in the free state in the vegetable kingdom. l)i- 
iodotyrosine, an amino-acid containing iodine, is a degradation product of 
proteins from the thyroid gland. 

An amino-acid, which contains iodine, 3,5-diiodotyrosinc or iodogorgoic 
acid, was first isolated from the hydrolysis products of gorgine, a constituent 
of a coral ( Gorgonia carolinii) and is prepared by the iodination of tyrosine 
in alkaline media. 1 -Thyroxine C 15 H n 0 4 NI 4 . is obtained by the enzymatic 
hydrolysis of the protein in the thyroid gland; this amino-acid is the active 
gland hormone (307). By careful catalytic reduction of thyroxine, the iodine 
atoms may be replaced by atoms of hydrogen with the production of 
thyronine , C 16 H 15 0 4 N, which affords />-hydroxybenzoic acid (263), quinol 
(232), oxalic acid (122) and ammonia, when fused with potash. 1 he structure 
of thyroxine derived from these data has been confirmed by synthesis 
(Kendall ; Harrington) : 



f V-CH 2 -CH(KHj)-COOH 

3, 5-diodotyrosinc 


I 


HO 



I NH t 

thyroxine. 


2-lndolyl-i-aminopropionic acid or tryptophan, tryptophan was first 
observed amongst the products obtained in the enzymatic hydrolysis of 
proteins. Free tryptophan gives a violet colouration with bromine water and 
also gives the reaction described in 200. Since tryptophan is decomposed 
on warming with mineral acids, it is not detected in the hydrolysis products of 
proteins by acids. It is a derivative of indole (315). 

2-Iminazolyl-i-aminoproptomc qcid or histidine is found amongst the 
fission products of various proteins and occurs in the free state in both the 
animal and vegetable kingdoms. It is a derivative of glyoxaline (see 323). 
By the action of putrifying bacteria, carbon dioxide is split off from histidine 
with the formation of histamine, which exerts a powerful action in increasing 
the blood-pressure and is therefore used in medicine. 
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Phenylalanine, tyrosine, tryptophan and histidine are to be regarded 
as derivatives of alanine in which one of the hydrogen atoms of the methyl 

gr pyi S //2^ 

C H (NH)(OH)COOH, are both pyrrolidine derivatives (see 314). T y 
not belong to the amino-acids since they do not contain an ammo-group. 
Their basic properties are to be ascribed to the cyclic imino-groups They are 
mentioned here because they are important fission products of animal 

proteins. 

CH,CH(NH,)COOH 


HC^ 

hL 


CH 

II 

CH 




c 

I 

H 


phenylalanine 


HC 


CH 2 CH(NHj)COOH 

I 

c \ 

CH 


1C 


Cl 




OH 

diiodotyrosinc 


HC 


HC 


CH 2 CH(NH s )COOH 

I 

Nh 

L 


OH 

tyrosine 


HC^ 


H 

I 

C 


HC 


V/ 

I 


CCHjCH(NHj)COOH 


CH 


k k 

tryptophan 


N-C-CH,CH(NH,)COOH 

hI Jh 

I 

H 

histidine 


N 

II 

HC 


C—CH,CH,NH, 


I 


H 

I 

H 

histamine 


H,C-CH, 

H.C CHCOOH 

I 

H 

prolinc 


HOHC 


CH, 


H.C CHCOOH 

I 

H 

hydroxyproline 


The melting points and specific rotations of a number of amino-acids are 
given in Table 36. For those forms of alanine, leucine, aspartic acid, glutamic 
acid, lysine, ornithine, cysteine, proline and tyrosine, which are found as 
degradation products of proteins, it has been proved by either synthesis 
or degradation that they are related to naturally occurring laevo-rotatory 
serine, which is designated /(-)-serine. Therefore all the above-mentioned 
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amino-acids belong to the /-series. Amino-acids derived from proteins from 
cancerous tumours are an exception. According to researches by Koc.l, these 
amino-acids, especially glutamic acid, occur in these tumours in the </-form. 

TABLE 36 

MELTING POINTS AND SPECIFIC ROTATIONS OF SOME AMINO-ACIDS 


Some amino-acids 
occurring in 
nature 


Glycine 

/(-f)-Alanine 

/(—)-Serine 

d{ —)-Threonine 

/(—)-Cystine 

/(-f)-Valinc 

/(—)-Leucine 

/soleucine 

/(—)-Phenylalan ine 

/(—)-Tyrosine 

Tryptophan 

Histidine 

/(-f-)-Arginine 

k (+)-Ornithine 

/(+)-Lysine 

/(—)-Aspartic acid 


/(—)-Asparagine 
/(-f-)-Glutamic acid 
/(-f )-Glutamine 
/(—)-Proline 
Hydro xyproline 


Melting or 
decomposition 
point 


(decomp.) 

(decomp.) 

(decomp.) 


^240° (decomp.) 
297° 

228° 

255-257° 

258-261° 

315 ° 

295° 

280° 

«/>278° 

342-344° 

^289° 

^277° 

238° (decomp.) 

224° 

270° 


226-227° 

206° 

256° (//./.form) 
215-220° 

«/>270° 


a 


D 


Inactive 
+ 2.7° 

— 6 . 8 ° 

— 28° 

— 222 ° 

+ 6.4° 

— 10.4° 

-f 9.7° 

— 35.3° 

_ 8.6° (in 21 % HC1) 

— 30-34° 

— 39.7° 

4- 26.5° 

4- 16.8° (in HC1) 

4- 15.3° 

4- 6° (21.5°) 

/-rotatory at higher 
temps. 

— 5.4° 

4 - 12 . 0 ° 

4- 6.4° 

— 82.0° 

— 80.0° 


(xiii) PROTEINS 

200. Apart from fats and mineral constituents the dry matter from the 
animal body consists for the greater part of proteins. Proteins also occur in 
all living plant cells. Along with fats and carbohydrates they form the most 
important constituents of food. 

The name proteins was introduced in 1839 by G. J. Mulder, because he thought 
that all albuminous substances were derived from one basic type (7rpioTepot; = the first). 

There are very many different proteins; they have colloidal properties, 
which makes their purification and separation very difficult. In addition, 
the difference between the different kinds is frequently not very well defined. 
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so that it is difficult to determine whether a protein preparation consists of 
molecules of the same kind or of molecules of different kmd* A number 
of proteins have been obtained in a crystalline form, including haemoglobin, 
various enzymes, which must be regarded as belonging to the proteins, 

and some vegetable albuminoid substances. 

Proteins have very high molecular weights. Since they decompose on 
heating they show no definite melting point and they cannot be distilled. 
The percentage compositions of the various kinds of proteins do not differ 
ercatlv and lie between the following limits; in which the small quantities 
of inorganic salts, which occur in admixture with natural proteins, are 


Carbon' 52.4-54.5 %. oxygen 21-23.5 %. hydrogen 6. 9 - 7 . 3 %. sulphur 

0.8-2 %, nitrogen i 5 - 5 ~ lS %• , , .. ., , 

Most proteins have the properties of hydrophilic colloids; they can be 

precipitated from sols in two ways, namely, reversibly or irreversibly. The 
proteins are reversibly precipitated by adding a concentrated solution of 
sodium chloride, magnesium or ammonium sulphate or similar neutral salts. 
As the concentration of ammonium sulphate necessary for this purpose is 
different for different proteins, use can be made of this fact to bong about 
a rough separation; also the hydrogen ion concentration in the solution 
(p H ) has an influence on the flocculation of a protein. The flocculated protein 
still possesses the same properties as before precipitation. Also most albu¬ 
minoid substances are precipitated unchanged by adding alcohol or acetone 
to an aqueous solution. The colloidal, soluble proteins have the properties of 

amphoteric electrolytes. 

By the action of strong alcohol or acetic acid, the proteins are converted 
into the coagulated stale. This coagulation also occurs on heating proteins to 
ioo° or by boiling with water or by adding concentrated nitric acid to the 

aqueous solution. _ 

The coagulated albumins are insoluble in water; hence an irreversible 

change has taken place. Proteins undergo irreversible changes and become 

insoluble in water by warming with dilute acids or dilute alkalis. This action 

is termed denaturation. The denatured proteins are soluble in dilute alkalis 


and acids. 

When salts of heavy metals, e.g. copper sulphate or ferric chloride, or 
an acidified solution of mercuric chloride are added to a protein sol, the 
protein is precipitated as an insoluble compound. This also happens on the 
addition of gallic acid, trichloroacetic acid, sulphosalicylic acid, picric acid 
or phosphotungstic acid. The latter is used for the quantitative precipitation 

of proteins from solutions. 

Proteins give various colour reactions. 
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ist The biuret reaction. A reddish violet colour is produced by adding 
a few drops of 2 % copper sulphate solution followed by dilute alkali to a 
protein sol. This is known as the biuret reaction because biuret (151) gives 
the same reaction; amino-groups and the amide group, (—CONH ), also 
occur in biuret. 

2nd Miltons reagent. On boiling a solution of protein with mercuric 
nitrate containing nitrous acid, a red precipitate is produced if tyrosine is 

present as a structural unit in the protein. 

3rd The xanthoproteic reaction. On treating albuminoid substances with 
nitric acid and then making alkaline, a yellow colour is produced if an 
amino-acid containing a benzene nucleus is present as a structural unit in 

the protein. 

4th The tryptophan reaction. An equal volume of a solution of glyoxylic 
acid (CHOCOOH) is added to a protein sol and then strong sulphuric acid 
is carefully poured into the mixture to form a lower layer; a violet coloured 
ring is produced at the interface (Hopkins-Cole). This reaction is given 
by proteins containing the tryptophan residue as a structural unit. 

5th The Pauly reaction. On adding soda to a protein solution and then 
a solution of diazobenzenesulphonic acid, a red colour is produced which 
changes into a yellowish red on acidification. This reaction is given only by 
those proteins containing tyrosine or histidine as structural units. 


201. Two large groups of proteins are distinguished. 

1st Proteins i.e. simple proteins. On hydrolysis these compounds are 
converted almost exclusively into amino-acids. 

2nd Complex proteins, or conjugated proteins, which are referred to in the 
older literature as proteides, a term now obsolete. On hydrolysis these sub¬ 
stances give appreciable quantities of other products such as phosphoric acid, 
a saccharide, a nucleic acid or a colouring matter as well as amino-acids, 
thus they are made up of a protein and another component (“prosthetic 

group”; Kossel). 

It is impossible to make a sharp distinction between the two groups be¬ 
cause it is found that many proteins e.g. those from egg-white and those 
from serum, on hydrolysis afford small quantities of a mono-saccharide such 
as mannose or galactose. 

To the first group belong the albumins, the globulins, the glutenins, the 
prolamins, the histones, the protamines and the scleroproteins. 

Albumins are soluble in pure water, they are precipitated from neutral 
aqueous solutions only by high concentrations of neutral salts. They contain 
sulphur. Amongst the products of hydrolysis, glycine is present only in 
very small quantities. To this group of compounds belong the albumins 
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from serum, from white of egg, from milk (lactalbunnn ), leucostn from gram, 
legumelin from peas. 

Globulins have weakly acid properties and are insoluble in pure water, 
soluble in dilute solutions of neutral salts, dilute acids or alkalis. They are 
precipitated from these solutions by adding ammonium sulphate (to about 
half the saturation concentration). Globulins occur in milk, white of egg, in 
different kinds of grain and in oil seeds; to this group belong also fibrinogen 
from blood, myosin from muscle and edestin from hemp-seed. 

Glulenins are very similar in properties to the globulins but they are not 
soluble in dilute solutions of neutral salts. They occur in wheat, maize 

and rice. 

Prolamins or gliadins differ from all others in that they are soluble in 
alcohol approximately 70 %. To this class belong gliadin from wheat, zein 
from maize, horde in from barley. On hydrolysis these substances produce 
proline and glutamic acid in appreciable quantities. 

Histones are soluble in water and their solutions react alkaline. They 
are precipitated from aqueous solutions by adding ammonia or neutral 
salts. On hydrolysis appreciable quantities of diamino-acids (197) are pro¬ 
duced. These structural units are responsible for the basic properties of 
the histones. Histones occur in the cell nuclei of animals; globin the protein 
in red blood cells also belongs to this group. 

Protamines have basic properties and are soluble in water. The solutions 
are not coagulated on warming. On hydrolysis the protamines give mainly 
diamino-acids, the chief of which is arginine. To the protamines, which 
occur in fish roes, belong clupeine from herrings and salmine from salmon. 

Scleroproteins occur in the animal organism in the insoluble state. To 
these belong keratin, a constituent of hair, wool, nails and hoofs; collagen 
a constituent of bones, cartilage and the connective tissue of skin and 
tendons, from which gelatin and glue are produced on heating with water; 
elastin, which occurs in the yellow, elastic connective tissue; silk-fibroin the 
constituent of silk fibres. To this class belong also spongin , a constituent of 
sponges and gorgonin, (199) a constituent of corals. 

To the second group belong the phosphoproteins, the mucoproteins, the 
nucleoproteins and the chromoproteins. 

Phosphoproteins give phosphoric acid on hydrolysis. They are insoluble 
in water but dissolve in alkalis, being reprecipitated from the alkaline 
solution by acids. To the phosphoproteins belong casein, the chief protein 
constituent of milk and vitellin from the yolk of eggs. 

Mucoproteins arc constituents of cartilage and mucoid substances from 
the animal organism. They contain a sulphate ester of a sugar derivative as 
prosthetic group. Glucosamine (171) or galactosamine is found amongst the 
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hydrolysis products (P. A. Levene). The mucoproteins to which the mucins 
belong, have acid properties. 

Nucleoproteins consist of a protein combined with a nucleic acid (349). 
They are soluble in water, salt solutions and alkalis and have a faintly acid 
character. They occur in the nuclei of cells. 


Virus bodies, which cause some of the infectious diseases, also belong to the 
nucleoproteins. The remarkable thing about these substances is that they can 
reproduce themselves in the living cell. The viruses have very high molecular 
weights (determined by the method of Svedberg). The virus which causes tobacco 
mosaic disease was the first to be obtained in a crystalline form (Stanley); the 
molecular weight is of the order of 50 x 10 °. The molecules of this virus can be 
rendere dvisible in the electron microscope and have the form of small rods with a 
length of about 300 m p. 

Chromoproteins. To this class of compounds belongs the red colouring 
matter of blood, haemoglobin, which consists of a compound of a protein, 
globin and a colouring matter containing iron, haemochromogen (319). 

Haemoglobin combines very easily with atmospheric oxygen to form 
oxyhaemoglobin, which loses oxygen in a vacuum and is reconverted into 
haemoglobin. The significance of haemoglobin for respiration depends on 
this reversible reaction with oxygen. Carbon monoxide can combine with 
haemoglobin to form carbon monoxide—haemoglobin, which can then no 
longer take up oxygen; hence carbon monoxide is a poisonous substance. 
If air contains as little as 0.1 % of carbon monoxide, 50 % of the haemo¬ 
globin is converted into the compound with carbon monoxide. 


The Structure of the Protei?is 

202. Some of the amino-acids, including glycine, leucine, and tyrosine were 
observed as fission products of proteins as early as the first half of the 19th 
century; in addition to amino-acids, some very different substances have 
been found in the chemical or fermentative degradation products of proteins, 
but only in small quantities; these include volatile fatty acids, benzene deriv¬ 
atives, skatole (315), ammonia and organic bases, but in the main amor¬ 
phous ill-defined products are produced. 

Schutzenberger heated proteins under pressure with baryta water; 
barium salts of amino-acids were obtained which could not be separated 
by fractional crystallisation. Since the weight of decomposition products 
(after removal of the baryta) was more than that of the starting material, 
this increase must be attributed to combination with water. This indicates 
that a hydrolytic fission into amino-acids had taken place (1879). 
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F Fischer (iqoo) carried out the hydrolysis of proteins by boiling with 
hydrochloric acid or dilute sulphuric acid. The resultant amino-acids were 
converted into ester hydrochlorides by treatment with alcohol and hydrogen 
chloride; the free esters could be partially separated by fractional distillation 

at low pressure. . . _ , , , 

According to another method, the monoammo-acids were separated by 

extracting the aqueous solution of the hydrolysis products with butyl 

alcohol in which the monoamino-acids dissolve preferentially, while the 

diamino-acids and amino-dicarboxylic acids remain in the aqueous layer 

(Dakin). . . 

Some amino-acids, like tyrosine and cysteine, which are sparingly soluble 

in water can be isolated directly. The basic amino-acids like arginine, lysine 

and histidine, can be separated by precipitation with phosphotungstic acid; 

some of the ester hydrochlorides of the amino-acids, e.g. the hydrochloride 

of glycine ethyl ester, can be obtained from the hydrolysis product in a 

crystalline state. 

The quantitative analysis of the mixture of amino-acids, produced by the 
hydrolysis of a protein, is very difficult. Special methods of determination 

arc used for the different amino-acids. 

Methods have also been worked out which depend on fractional adsorption 

on alumina, adsorptive carbon or certain synthetic resins. With the help of 

these methods it is sometimes possible to carry out the analysis on the 

hydrolisate from a small quantity of protein. 

For the separation of closely related proteins such as occur for example, 
in serum, the method of Tiselius, which depends on electrophoresis, is of 

great importance. 

The percentage composition of the mixture of amino-acids produced on 
hydrolysis is given for a number of proteins in Table 37 * The figures given 
arc to be taken as average values. 

11 may be seen that the proportions of the amino-acid residues in the various 
proteins differ considerably. The glycine residue for example, is present 
in a high percentage in collagen but in a low percentage in casein. Alanine 
and leucine (or isoleucine) residues occur in most proteins, albeit in very 
different amounts. 

Albumin contains considerably more of the amino-acid residues containing 
sulphur (cystine and methionine) than collagen. The mixture of amino- 
acids from gliadin consists to the extent of about 50 % of glutamic acid. 
The hydroxyproline residue occurs in collagen but is missing in various other 
proteins. It may also be mentioned now that fibroin contains a high per¬ 
centage of glycine and alanine residues and that a considerable percentage 
of cystine residues is present in keratin. 
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TABLE 37 

PERCENTAGE COMPOSITION OF AMINO-ACIDS MIXTURE PRODUCED ON HYDROLYSIS OF 

SOME PROTEINS 


Proteins 


Amino-acid 

albumin 
from 
hen egg 

muscle 

tissue 

collagen 

casein 

gliadin from 
wheat- 
gluten 

Glvcine 

3.3 

5.0 

26.9 

0.6 

/“X 

1.0 

O ft 

Alanine 

7.4 

4.0 

10.5 

2.8 


Valine 

6.8 

5.8 

2.4 

6.7 

3.0 

g ft g V 

Leucine 

9.4 

7.7 

4.2 

9.9 

6.0 

/soleucinc 

5.6 

6.3 

1.9 

6.5 


Serine 

7.6 

5.4 

3.7 

7.5 

0.1 

Threonine 

— 

4.6 

1.7 

4.1 

3.0 

Cvstine 

2.3 

1.3 

0.1 

0.3 

2.3 

0 

Methionine 

5.0 

3.3 

l.l 

3.5 

2.3 

Lysine 

5.1 

8.1 

5.1 

7.9 

0.6 

Arginine 

5.8 

7.7 

10.3 

4.2 

3.2 

Histidine 

2.4 

2.9 

1.1 

2.5 

2.1 

Aspartic acid 

8.2 

6.0 

5.7 

6.3 

1.4 

Glutamic acid 

16.3 

15.4 

11.7 

24.2 

46.0 

Phenylalanine 

5.6 

4.9 

2.4 

5.2 

2.5 

Tyrosine 

4.4 

3.4 

0.3 

6.9 

3.1 

Tryptophan 

1.3 

1.3 

0.1 

1.4 

0.9 

.no 

Prolinc 

4.3 

6.0 

17.4 

8.0 

13.2 

Hydroxy pro line 

— 


14.8 

0.0 



On the analogy of the hydrolytic fission of amides, in which the bond 

between the carbon and nitrogen atoms in the group -c-nh, is broken, 
various investigators (Curtius, E. Fischer, Hofmeister) have assumed 
that the protein molecules are to be regarded as substituted amides 

according to the scheme: 


H 

I 

-HN-C—C— 

I II 

R o 

OH 


_N_ 

■ CHX— ' 

—N—CH—C— 

1’i 

1 

II 

1 1 II 

H 

O 

H R, O 

H 

HO 

H HO 


H,NCH,COOH HjNCHCOOH 

R i 


—N- 

— CH—C — 

—N- 

—CH— 

-c— 

1 

H 

I || 

1 1 

| 

II 

r 2 0 

H 

• 

k 3 

0 . 

H 

HO 

H 




H 3 NCHCOOH 

R« 


The bonds between the carbon and nitrogen atoms in the group — c— n—, 
i.e. the amide bonds, are broken on hydrolysis. o h 
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This opinion was converted into certainty, chiefly by the masterly 
researches of E. Fischer and his co-workers. E. Fischer prepared various 
peptides synthetically. These are compounds in which amino-acid residues 
are joined together as acid amides according to the above scheme One 
speaks of di-. tri-, tetra- or polypeptides according to whether the molecule 
contains two, three, four or a large number of ammo-acid residues. 

It has also been found, that some of these polypeptides, in which the 
amino-acid residues have the same stereochemical configuration as the natural 
amino-acids, can be split up by proteolytic enzymes (see 207). 

2ot. In the hydrolysis of proteins by the action of proteolytic enzymes, 
peptides, have been observed in some cases, as well as amino-acids; the 
former may therefore occur as intermediate products in this hydrolysis. 
Thus elycylalanine has been found in the enzymatic hydrolysis of fibroin. 

The most complex polypeptide obtained synthetically contains nineteen 
amino-acid residues, fifteen of which are glycine residues and four leucme 

residues: 

H-NLGGGLGGGLGGGLGGG-GG-G-COOH. 


This polypeptide, C 64 H 91 N 19 O 20 . has a molecular weight of 1326, is amorphous 
and sparingly soluble in cold water. It is salted out from its solutions by 
saturating the liquid with ammonium sulphate. It is split up hydrolytically 
by ereptases (207). Other synthetic polypeptides of high molecular weight 
show a resemblance to the proteins in chemical and physical properties. 
Polypeptides, especially the lower ones, show the biuret reaction. 

On the basis of the properties of synthetic polypeptides, it is assumed that 
peptide chains in which the amino-acid residues are joined together in an 

amide-like fashion also occur in the proteins. 

From the above, the amino-acids are the final products of the hydrolysis 
of proteins. In the hydrolysis with acids or alkalis as well as with proteolytic 
enzymes, proteoses and peptones, substances which cannot be clearly defined 
and which are therefore to be regarded as mixtures of polypeptides, are 
produced as intermediate products. 

A few of the various methods for the synthesis of peptides are given below. 

A di-peptide is produced by partial hydrolysis on warming a diketopip- 
erazine (194, 341) with dilute alkali: 


/CH,-CO\ 

HN NH + H t O 

NCO-CH,/ 


H,NCH,CONHCH,COOH. 

glycylglycine 


Alanylalanine, leucylleucine , etc. are prepared in a similar way. 

By the action of the chloride of a halogeno-acid on an amino-acid in 
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weakly alkaline media, an intermediate product 
converted into a dipeptide with ammonia: 


is obtained, which can be 




o 


CH s CHBrCONHCH 2 C OOH + HC1 


CHgCHBrC +H.NCH 2 COOH — 

\ C1 

—>■ H,NCH(CH 3 )CONHCH : COOH. 

alanylglycine 



A third amino-acid residue may be introduced by taking, for example, a 
homologue of the intermediate product mentioned above, converting it 
into an acid chloride by the action of phosphorus pentachloride, and then 
allowing it to interact with an ester of an amino-acid, c.g. glycine, 'lhe resul¬ 
tant compound on hydrolysis and subsequent treatment with ammonia 

gives the tripeptide leucyl-glycyl-glycme \ 

C 4 H„CHBrCONHCH a COOH + PCI* —> C 4 H # CHBrCONHCH 8 COCl + H 2 NCH a COOC 2 H 5 — 

—> C 4 H B CHBrCONHCH 3 CONHCHjCOOC t H 5 —► H a NCH(C 4 H,)CONHCH 2 CONHCH s COOH. 

HjO leucyl-glycyl-glycme 


An improved method for the synthesis of peptides was discovered by 
Bergmann and Zervas. By the action of benzyl chlorocarbonate on an 
amino-acid, a derivative (I) carrying a substituent on the amino-group, is 
produced and the amino-group is protected from further reactions: 

RCHCOOH Cl—0 = 0 _^RCHCOOH 

NH 2 OCHjCjilj HN—CO—OCHoCjHj. 


(I) is then converted into an acid chloride, which is allowed to react with 
a second molecule of an amino-acid: 


RCHCOCl R'CHCOOH 

I + I 

nhcooch,c,h 6 nh 2 


RCHCONHCHR'COOH 


NH—COOCHjCjHj 
II. 


The_CO—OCH 2 C 6 H 5 group can be split off from compound II at ordinary 

temperatures by catalytic reduction with hydrogen and palladium, and a 
dipeptide, (III), is produced: 


RCHCONHCHR'COOH 

| + H 2 

NHCOOCHjC 4 H 6 


RCHCONHCHR'COOH 


I 

NH 


-f- c o 2 + c 6 h 6 ch 3 . 


III. 


In this reaction hydrolytic fission of the dipeptide is not possible. Various 
dipeptides, which could not be prepared in any other way, have been 
made by this method; these include glycylproline, lysylglutamic acid and 

lysylhistidine. 



MORE FUNCTIONAL GROUPS CH. 8 


318 COMPOUNDS WITH TWO OR 

In order to be able to compare these synthetic products with natural 
proteins which are optically active, the syntheses have been earned out 
with optically active amino-acids. The latter are prepared by benzoyl- 
ating (260) the inactive acids and resolving the racemic mixture 
of benzoyl compounds into the optically active components by conversion 
into alkaloid salts. The optically active acids are then obtained by splitting 
off the benzoyl groups. A large number of optically active peptides, including 
Z-alanylglycine, i-alanyl-Z-leucine, Z-leucyl-glycyl-Z-isoleucine, Z-leucyl-glycyl- 
Z-leucy 1-gly cyl-Z-leucine, etc., have been prepared synthetically. 

Glutathione, i.e. a glutamylcysteylglycine, as has been shown by its synthesis 
(Harington), is an important tripeptide: 

H,NCHCHjCH,CO—NH—CH—CO—NH—CH,COOH. 

| I 

COOH CH # —SH 

glutamyl cysteyl glycine 

glutathione 

Glutathione occurs in yeast and in animal tissues (Hopkins) and acts as an oxygen 
carrier; glutathione is readily oxidised to a disulphide (like cysteine to cystine) and 
the disulphide so produced is easily reconverted into glutathione by reduction. 

The principle on which the proteins are built up is somewhat similar to 
the structure of the polysaccharides like starch and cellulose (181, 186). The 
difference is, however, that in the hydrolysis of polysaccharides only a few 
mono-saccharides (principally glucose) are produced but in the hydrolysis 
of proteins there is produced a large number of amino-acids; hence the 
structure of the protein molecule is much more complex than that of the 
polysaccharide molecule. 

Two different amino-acids can give rise to two isomeric dipeptides, e.g.: 

H,NCH,COOH + CHjCHNH,COOH —>■ 

—>. H a NCH,CONHCH(CH,)COOH and HjNCHfCHJCONHCHjCOOH. 

glycylalaninc alanylglycine 

Three different amino-acids can form six isomeric tripeptides; the number of 
isomers rapidly increases with the number of different amino-acid residues. 
For twenty different amino-acid residues the number of isomers is given 
by the expression 20 ! = 20 x 19 X 18 x... X 1 a 2.3 x io 18 ; stereoisomers 
are ignored in this calculation. On this hypothesis it is clear that the number 
of proteins which may occur in nature, is practically unlimited although the 
number of structural units from which these substances are constructed 
is limited relatively small. 

204. Molecular weight of proteins. From experiments on the dialysis of 
proteins it was realised that the molecules of these substances are very large. 
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Determination of the molecular weight by measuring the osmotic pressure is 
fraught with great experimental difficulties and has led to reliable results 

in a few cases only. 

Another method by which the molecular weight of proteins and other 
soluble colloids can be determined but depending on quite a different prin¬ 
ciple. has been discovered by The Svedberg. The vessel containing the 
protein sol is placed in an ultracentrifuge, which can be rotated at 150.000 
revolutions per minute. By this means the solution is subjected to a \ery 
high centrifugal force as a result of which the protein molecules orientate 
themselves in the direction of the force. This orientation is opposed by the 
forces exerted on the protein molecules as a result of Brownian movement, 
so that eventually a condition of equilibrium, the sedimentation equilibrium, 
is set up. The change in the concentration in the direction of the centrifugal 
force can be measured during the centrifugation, with the aid of optical 
methods e.g. by determining the absorptive power for ultra-violet light or the 
refractive index of the solution. The weight of the protein particles can be cal¬ 
culated from the concentration prevailing at the sedimentation equilibrium. 

A great advantage of the Svedberg method is that it gives an answer 
to the question whether a protein sol is homodispersed, i.e. contains exclus¬ 
ively particles of the same size, or heterodispersed , i.e. particles of different 
sizes. It is even possible to determine the weights of different sized particles 

occurring alongside one another in a solution. 

From these investigations it has been found that natural proteins are 
either homodispersed or paucidispersed, i.e. consist of only few molecular 
species; polydispersity occurs only in artificially modified proteins. It is a 
remarkable fact that the molecular weights of a number of proteins can be 
represented approximately by the number 17600 or a mutiple of it (1 able 38). 


TABLE 38 

MOLECULAR WEIGHTS OF SOME PROTEINS ACCORDING TO SVEDBERG 


Protein 

Molecular weight 

Albumin from milk 

17,500 


Albumin from eggs 

40,500 


Globulin from milk 

37,900 

• 2 x 17,600 = 35,200 

Pepsinase 

39,200 


Insulin 

35,100 . 


Haemoglobin 

63,000 ] 

4 X 17,600 = 70,400 

Albumin from serum (horse) 

66,900 , 


Globulin from serum (horse) 

150,000 

8 X 17,600 = 140,800 

Haemocyanin (homarus) 

803,000 

46 X 17,600 = 809,600 

Haemocyanin (helix pomatia) 

6,680,000 
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The molecular weights of a few proteins have been determined also by 
osmotic methods and found to agree with those determined by the SveDberg 

method. . , , , _ , 

It is noteworthy that very high molecular weights have been found for 

the chromoproteins from the blood of some invertebrates. 

The protamines have much lower molecular weights than other proteins; 
salmine, for example, has a relatively simple structure. It contains 40 argi¬ 
nine, 7 serine, 4 proline, 3 glycine, 2 valine, 1 isoleucine and 1 alanine residues. 
This corresponds to a molecular weight of about 8000. 

As already pointed out, the polypeptide chains in proteins have the 


structure: 


-c—c 
I II 

Ri O 


H H 


N— C—C—N— C—C—N 

I II I I II 

R, O H R, O 


—C—c— 


r 4 o 


In glycine, residue R is a hydrogen atom, in the other amino-acids, R is a 
hydrocarbon radical, which may or may not be substituted by other groups 

(OH, SH, COOH, NH, or cyclic nuclei). 

These R groups form the side-chains, the main chain is formed by the 



repeated time after time. 

From the X-ray examination of fibroin, which is built up mainly of 
glycine, alanine and tyrosine residues, it is found that the principal chains 
arc orientated roughly parallel with the long axis of the fibroin fibre. The 
same holds for keratin in the stretched state. Hence the fibres of fibroin or 
of stretched keratin consist of parallel bundles of thread-like molecules 
(Astbury). 

Proteins like haemoglobin and edestin also show a crystalline but not 
a fibre-like structure. From measurements made by Svedberg it is probable 
that the micelles of these and various other soluble proteins in solution are 
roughly spherical in shape; besides the polypeptide chains, these micelles 
also contain water molecules, which are present as "water of crystallisation" 
in undried albumin crystals. These proteins show a fibre diagram in the 
denatured state. 

The acid amide bond of the polypeptide chains also occurs in synthetic substances 
of high molecular weight known as polyamides. In the manufacture of these substances 
a mixture of an cooZ-dicarboxylic acid and an coco'-diamine, e.g. i, 6 -diaminohexane 
and butane 1 , 4 -dicarboxylic acid, is heated. A reaction takes place by which an atom 
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of hydrogen from the amino-group reacts with a hydroxyl group in a molecule of 
acid, with the formation of a molecule of water. As the result of this polycondensation 
reaction linear macro-molecules are produced (Carothers): 


—C—(C H 2 ) 4 —C—N—(CH 2 ) 6 

II II I 

O OH 


—N—C—(CH 2 ) 4 —C—N—(CHj) 6 

I II II I 

HO OH 



In this way a plastic material is obtained, which can be drawn out to give 
{Nylon). 


fine threads 


205. Enzymatic degradation of proteins. Some account will be given on 
the general properties of enzymes and their reactions in the next chapter, 
but the main points connected with the enzymatic degradation of proteins 
and polypeptides will be discussed here. Ihe proteolytic or protein-splitting 
enzymes are designated by the collective name proteases. Examination of 
the action of the various proteases proved very difficult because initially 
investigators always worked with mixtures of different enzymes. More insight 
into the specific action of the various enzymes was obtained when it was 
discovered how to separate one species of enzyme only from these mixtures 

containing several. 

In the enzymatic fission of proteins the amide bonds, —c—x—, known 

o H 

also in this case as peptide bonds, are split hydrolytically; it has been shown, 
that in the partial hydrolysis of proteins into smaller molecules (polypep¬ 
tides), COOH groups and NH.> groups are always produced in equivalent 
quantities as is to be expected if the protein molecule consists of a poly¬ 
peptide chain. 

The free carboxyl groups in peptides or amino-acids can be determined by the 
method of SOrensen. A solution of formaldehyde is first added, which reacts with 
the free amino-groups: 

CH z O + H.NCHjCOOH—>- H 2 C=NCH 2 COOH + H 2 0 . 

The derivatives so obtained no longer possess any basic properties, so that the 
number of carboxyl groups can be determined by titration. 

Free amino-groups in proteins or peptides can be determined by the Van Slyke 
method, in which the volume of gaseous nitrogen produced after the addition o 

nitrous acid, is measured. 

The proteases are divided into two main groups: the proteinases and the 
peptidases ; both groups comprise various sub-groups. Proteinases split 
proteins into smaller molecules (polypeptides) and can also split up synthe¬ 
tic polypeptides in which at least two successive peptide bonds occur. 
Proteinases are unable to break down proteins completely to amino-acids; 
for this purpose it is necessary to use peptidases as well. 
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Peptidases are divided into: 

carboxypeptidases, which split off the terminal amino-acid carrying the 

COOH-group from a polypeptide; ... 

aminopeptidases, which split off the terminal ammo-acid carrying the 

NH 2 -group; 

dipeptidases, which only split dipeptides. # . 

The fact that natural proteins are not attacked by peptidases is in accord- 
ence with this division; on account of the high molecular weight of the 
proteins the system contains only very few free amino-groups and free 
carboxyl groups, so that the initial breakdown can only be brought about 
by means of the proteinases, which do not cause attack on the terminal 

groups but split peptide bonds in the chain. 

Tor investigations on the specific action of the three groups of peptidases 
mentioned above, use has been made of synthetic polypeptides of simple 
structure, so that the amino-acids produced on fission can be easily iden¬ 
tified. It should be mentioned that optically active amino-acids of the 
/-series were used for the synthesis of these polypeptides. 


The following are examples of proteinases '): 

ist pepsinase, which is most active in an acid medium (pH == 2 )* There 
is present in the mucous membrane of the stomach a substance called 
pepsinogen, from which pepsinase is produced by the influence of pepsinase 
already present in the gastric juice, t.e. by an autocatalytic process. 

2nd the papainases, which are active in weakly acid or neutral media 
(p H — 4 to 7); they occur in vegetable and animal cells (e.g. in the milky 

juice from the melon tree, Carica papaya L.). 

3rd the trypsinases which are active in an alkaline medium (p H = 8 to 9); 
these occur in the pancreas and in the intestines; trypsinase is produced 
in the small intestine from trypsinogen, a substance formed in the pancreas, 
the conversion of trypsinogen into trypsinase can be brought about both by 
trypsinase itself (autocatalytically) or by enterokinase , another enzyme 
present in the mucous membrane of the intestine. 

4th chymotrypsinase which occurs in the pancraes and is active at p H =8 tog. 

Carboxypeptidases, aminopeptidases, and dipeptidases also occur in the 
mucous membrane of the small intestine and in the pancreas as well as 
trypsinases. 

A number of proteases including dipeptidases, aminopeptidases and 


papainases, occur also in yeast. 


*) In many English books and journals the ending “asc" is frequently deleted 
from the names of some, but not all, of the proteases, the older unsystematic name 
still being used, thus, e.g. pepsinase is called pepsin, papainase papain, trypsinase 
trypsin, etc., but entcrokinase is always so called and is never abbreviated to enterokin. 
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From the above it is apparent that there is a great difference between 
the hydrolysis of proteins by dilute acids and by proteases. All the peptide 
bonds are split hydrolytically by dilute acids. On the other hand, a definite 
enzyme acts on particular peptide bonds and leaves others unattacked. 


206. Biochemical synthesis of proteins from amino-acids. The amino-acids 
formed in the digestive tract by degradation of the proteins present in food, 
are partially reused for the synthesis of those special proteins, which the 
living organism requires for its maintenance or its growth. It is postulated 
that this synthesis of proteins from amino-acids depends in the action of 
enzymes. Rose concludes from his elaborate investigations that the amino- 
acids listed in the left-hand column of Table 39 are essential for the human 

organism (1947). 

TABLE 30 

ESSENTIAL AND NON-ESSENTA1L AMINO-ACIDS ACCORDING TO ROSE 


Essential amino-acids 

Non-essential amino-acids, 
which can be left out 

Valine 

Glycine 

Leucine 

Alanine 

/soleucine 

Arginine 

Lysine 

Serine 

Methionine 

Aspartic acid 

Threonine 

Glutamic acid 

Phenylalanine 

Proline 

Tryptophan 

Hydroxy proline 

Histidine 

Tyrosine 

Cystine 


Of the 19 amino-acids met with as structural units in proteins occurring 
in foodstuffs, 8 are essential; it must be supposed that these essential amino- 
acids cannot be synthesised by the human organism, while the other 11 

amino-acids can. 

As regards the effect of stereochemical configuration, it has been found 
that ^-methionine is as effective for growth as /-methionine, the same holds 
for tryptophan, histidine and phenylalanine the /-forms of which can be 
replaced by the <Z-form. On the other hand, only the /-forms of valine, 
leucine, isoleucine and lysine and the rf-form of threonine can be used by 
the animal organism. 
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(xiv) ENZYMES AND ENZYMATIC REACTIONS 

2o 7 . Enzymatic reactions have been brought to notice several times already 
in this text-book: by enzymes (ev ^ = in yeast) or ferments (abbreviation 
of fervimentum, fervere = to boil, ferment) are meant substances produced 
by vegetable or animal organisms and which can bring about various 
chemical reactions like hydrolytic fissions, oxidations and reductions and 
sometimes even the fission of carbon chains, by catalytic action. The enzy¬ 
mes are biocatalysts, which initiate and regulate chemical reactions in the 
living organism. They arc denoted by the suffix ase and are divided into groups 

according to their mode of action; the chief groups are. 

ist the esterases, which split i.e. hydrolyse, esters, and to which belongs, 
for example, chlorophyllase (321). The most important of the esterases 
belong to the sub-group of the lipases (114)* which split fats (Xitco^ = fat) 
and which can also split other esters of mono- and polyhydric alcohols. 

2nd the carbohydrases, which split di- and poly-saccharides; to this class 
belong, for example, maltase which splits maltose and invertase, which splits 
sucrose (176); the starch splitting enzymes, the amylases, which occur in 
saliva ( ptyalase ), in the pancreas and in vegetable organs, e.g. in germinating 
barley. The amylases occurring in the above are sometimes collectively 

called diastases. 

3rd the proteases, which split proteins and polypeptides (200, 203). 

4th the oxidases, which bring about oxidations, e.g. of phenols and amines, 
like histamine (199) and adrenaline (239, 3°7) the transference of oxygen. 

To this group also belong the respiratory enzymes (351). 

5th the dehydrogenases which bring about reductions by the transference 

of hydrogen (see 351). 

6th the zymases which cause alcoholic fermentation (192). 

In so far as they have been investigated, the enzymes have high molecular 
weights and show the typical properties of colloids, dhe enzymes sometimes 
occur in the form of colloidal solutions in body fluids such as saliva, blood, 
gastric juice and pancreatic fluid or they are found inside the cells. In the 
latter case, the enzymes are combined with the protoplasm and cannot be 
separated from it. 

Since enzymes occur in living organs alongside other substances which 
show no enzvmatic action, and they are difficult to purify on account of 
their colloidal properties, the isolation of enzymes in a pure state is a 
difficult task. The first important results in this field were obtained by 
W1 llstatter and his collaborators (1920-1934). He made use of aluminium 
hydroxide and clay earths on which the enzymes present in vegetable or 
animal extracts were adsorbed. By a suitable choice of absorbent it is 
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possible to bring about selective adsorption and so free the enzyme, 
at least partially from admixed products. By washing the absorbent with 
a suitable solvent, e.g. a basic phosphate solution, the enzyme is again 
brought into solution and the purification by fractional absorption repeated. 
In order to have a measure of the concentration of an enzyme in a particular 
preparation, Wilstatter determined the velocity of a reaction brought 
about by a definite amount of the enzyme preparation, e.g. the hydrolysis 
of cane-sugar or of a fat under accurately controlled conditions; in this 
way it was possible to check the methods of extraction and the degree of 
purification. For example, an invertase preparation was obtained in which 
the concentration of enzyme was about 2000 times greater than that in 
yeast and a lipase preparation in which the concentration of the enzyme was 
about 300 times greater than that in the pancreas. Notwithstanding this 
great step forward it is still uncertain whether the specimens obtained by 
Willstatter consist of pure enzymes. Nothing is yet known of the chemical 
structure of invertase or of the other carbohydrases or of the numerous 

esterases. 

208. Urease, the enzyme which brings about the hydrolytic fission of 
urea into carbon dioxide and ammonia (15 1 ) ami which occurs for example, 
in soya-beans, was the first enzyme to be obtained in a crystalline state 
(Sumner 1926). Urease is a protein and belongs to the globulin group; its 
molecular weight by Svedberg’s method is about 480,000. A few years 
later Northrop and his co-workers obtained various enzymes from the 
digestive tract in a crystalline state by adding ammonium sulphate and 
magnesium sulphate to extracts of the organs and repeating this method 
of precipitation. In this way crystalline preparations of pepsinogen and 
pepsinase, chymotrypsinogen and chymotrypsinase, trypsinogen and tryp- 
sinase, were obtained. These enzymes are all proteins and the crystals 
resemble other protein crystals. The molecular weight of pepsinase is 35,000 
(determined by both the osmotic method and that of Svedberg), while 
that of trypsinase is 34,000. It is not yet known whether or not the action 
of these enzymes is connected with definite groups of atoms in the molecule. 

Willstatter is of the opinion that, in general, enzymes consist of two 
constituents: a specific constituent (agon), which is responsible for the enzym¬ 
atic action and which is combined with a colloidal constituent, which acts 
as a carrier (pheron). The combination of carrier and specific component 
should be necessary for the powerful and specific catalytic effect shown by 
the enzyme; an analogy for this is found in active inorganic hydrogenation 
catalysts, where finely divided platinum or nickel (the catalytically active 
substances) are deposited on a colloidal carrier such as aluminium hydroxide 

or carbon. 
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This opinion of Willstatter appears to be correct for the yellow respir¬ 
atory ferment of Warburg (351) and for the hydrogen transferring ferments 
(351) In these enzymes the structure of the specific component, which is 
attached to a protein, is known. The specific component is called a co-enzyme 
{co-ferment), the protein attached to it is called the apo-enzyme {apo-ferment) 
and the whole combination of the two is called a holo-enzyme ( holo-ferment ). 

In some cases the co-enzyme has been separated in a pure state from the 
holo-enzyme, e.g. co-zymase the structure of which is known (351). In this case 
a dissociation-equilibrium exists: holo-enzyme ^ apo-enzyme -f- co-enzyme. 

From the foregoing it is clear, that only in a few cases any insight into 
the chemical structure of enzymes has been obtained. Some general remarks 
may be made, however, on the action of enzymes. 

Enzymes are very active catalysts, which bring about certain reactions 
even in very small quantities. This action is limited to narrow temperature 
limits, enzymes are only very slightly active at o° and are decomposed at 
a temperature of ioo°. For the majority of enzymes there exists an optimum 
temperature at which they are most reactive. This is in the neighbourhood 
°f 37 0 for enzymes occurring in warm blooded animals and round about 
15 0 for vegetable enzymes. 

Enzymatic action is frequently strongly influenced also by the hydrogen- 
ion concentration of the medium and the concentration of the substance 
being decomposed by the particular enzyme. Further, enzymatic action 
can be affected by small quantities of certain substances, which are able to 
increase or decrease the activity or even to inhibit it altogether. An 
example of the latter effect is that of hydrogen cyanide on oxidases. 

The specific action of enzymes is highly characteristic of enzymatic reac¬ 
tions. This means that a particular enzyme acts only on one particular sub¬ 
stance or very closely chemically related substances. All disaccharides are 
hydrolysed by the action of dilute acids but invertase from yeast brings about 
exclusively the hydrolysis of sucrose and not that of maltose. Types of yeast 
are also known, e.g. schizosaccharomyces octosportis (Beyerinck), which 
cause the fermentation of maltose but not of sucrose. It is assumed that this 
type of yeast contains no invertase but contains maltase, the enzyme which 
splits maltose. 

The specificity of enzyme action is clearly brought out in the fermentation 
of monosaccharides. Of the monosaccharides containing from three to ten 
atoms of oxygen inclusively, only trioses, hexoses and nonoses can be fer¬ 
mented. These are also the only monosaccharides which from their compo¬ 
sition can be broken down quantitatively into carbon dioxide and ethyl 
alcohol. 

{/-Glucose, {/-mannose and {/-fructose can be fermented very rapidly; the 
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mirror image forms of these sugars, /-glucose, /-mannose and /-fructose, 
which do not occur in nature, are either unattacked or attacked veiy much 

more slowly by brewers’ yeast (E. Fischer). 

The fission of a-glucosides by maltase (168) and that of fi-glucosides by 
emulsinase, an enzyme from bitter almonds, (179), have already been dis- 
cussed in previous paragraphs. 

Thus it follows from these examples, that the action of an enzyme is closely 
connected with the stereochemical structure of the substances on which the 
enzyme acts. Examples of specific action by proteases in the fission of 

proteins, have already been given in 205. 

The vitamins and the hormones, which will be discussed in 306, are 

similar to enzymes in their action. 


(xv) ASYMMETRIC SYNTHESIS 

209 . In the synthesis of compounds containing one asymmetric carbon atom, a 
mixture of equal amounts of optical antipodes or a racemic compound is always 
formed, so that optically inactive substances are obtained starting from inactive 
material. In the vegetable kingdom sugars, proteins and many other substances are 
produced in optically active forms, although the starting material, from which the 
plant builds up these substances, namely, water, carbon dioxide, nitrates and ammonia, 

is optically inactive. 

Hence the question arises how is it possible for syntheses in living nature to proceed 
asymmetrically, i.e. to give rise to optically active end-products? First of all we will 
consider so-called partial asymmetric syntheses, in which the starting material is a 
substance, which already contains an asymmetric carbon atom and in which a second 
asymmetric carbon atom is introduced. By the addition of hydrogen cyanide to 
arabinose ( 161 . 165 ) and hydrolysis of the hydroxycarbomtrile which is formed, 
there is produced a mixture of mannonic acid and gluconic acid in unequal amounts. 
These substances are stereo-isomers but not optical antipodes, so that the chance 
of formation for the two substances is not the same and one can therefore be produced 


in larger amounts than the other. 

When benzoylfomiic acid is reduced. ///-mandelic acid ( 265 ) is produced. When 
the /-menthyl ester (obtained from /-menthol and benzoylformic acid) is reduced 
however, a mixture is produced consisting of the ester of //-mandelic acid with a 
slight excess of the ester of /-mandelic acid, from which a mixture of d- and /-mandelic 
acid is obtained by hydrolysis {i.e. by removal of the asymmetric grouping wluc 1 
had been introduced), in which the l -acid is present in slight excess. In a similar way 
a slight excess of /-lactic acid is obtained from the /-bomyl ester of pyruvic acid. In 
these examples the synthesis proceeds asymmetrically because one of the starting 


products already has an asymmetric structure. 

A synthesis can also proceed asymmetrically under the influence of an optically 
active catalyst. The addition of hydrogen cyanide to benzaldehyde in chloroform as 
the solvent, under the catalytic influence of laevo-rotatory quinine or dextro-rotatory 
quinidine, on hydrolysis of the nitrile affords dextrorotatory mandelic acid m the 
first case and laevo-rotatory mandelic acid in the second case. From this it follows that 
under the influence of quinine the dextro-rotatory nitrile is formed more rapidly than 
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the laevo-rotatory and under the influence of quinidine the formation of the laevo- 
rotatory nitrile proceeds more rapidly than the formation of the dextro-rotatory 
component (Bredig). Other examples of the specific action of optically active catalysts 

have already been given in sections 9 2 and 13 ®* 

Since synthesis in living cells takes place under the influence of optically active 
enzymes or of optically active constituents of the protoplasm, it can be particularly 
favoured in one direction, so that eventually, <i-glucose is produced in the assimilation 
process for example. The fact that optical antipodes can behave differently in biochem¬ 
ical reactions (see 138 , 205 ) is strictly analogous. 

The question as to how the first optically active substance was produced in nature, 
cannot yet be answered. In this connection interesting experiments have been under¬ 
taken on the photochemical decomposition of racemic mixtures. 

Circularly polarised light can be absorbed in varying degrees by a solution of an 
optically active substance, according to whether the light which passes through the 
solution is circularly polarised in a right or left hand direction. Cotton discovered 
this phenomenon, which is called circular dichroism, in 1896 in solutions of alkali copper 
{/-tartrate. If an optically active substance can be decomposed by light and if the wave¬ 
length of the light causing this decomposition is about the same as the wave-length at 
which the Cotton effect occurs, then the possibility arises of the production of optical 
activity as a result of a photochemical reaction. When a mixture of equal quantities 
of optical antipodes is irradiated with right-handed circularly polarised light, for 
example, one antipode will be decomposed more rapidly than the other, so that the 
liquid will become optically active. Some examples of this are known (S. Mitchell; 
W. Kuhn). 

It may be assumed that optically active substances are produced in nature by 
photochemical decomposition of a racemic mixture, since a small excess of elliptically 
polarised light of a particular direction of rotation can be present in sunlight. 


(xvi) ALIPHATIC DIAZO-COMPOUNDS 

210. A compound belonging tc this group was first obtained by Curtius 
( 1883) by the action of nitrous acid on the ethyl ester of glycine; a yellow 
liquid having the composition C 4 H 6 0 2 N 2 , diazoacetic ester (ethyl diazoacetate) 
was produced and to it was ascribed the structural formula (I) given below: 

H 

l/'N 

CjHgOjCCHgNH, + HONO —>-CjH 5 O s C || + aH 2 0 . 

ethyl diazoacctate 

Besides the cyclic structure I, structure II, with a semipolar double bond, also 
comes into consideration for ethyl diazoacetate. An optically active diazosuccinic 
ester III can be obtained from ethyl /-aspartate (Levene and Mikeska). This is in 
agreement with a semipolar structure for the group N t C< but not with the cyclic 
structure IV, since, in the latter case, the molecule would contain no asymmetric 
centre; 
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CHCOjC.Hj 

II. 


co 2 c 2 h 5 

CO.C,H s 

1 

! ^ ' 

C KEEN 

(' 

| 

|\N 

CH 2 

CH, 

j 

co 2 c 2 h 5 

co 2 c,ii 5 

III. ethyl diazos 

uccinate IV. 


The reactions of ethyl diazoacetate are compatible with both formula I and formula II. 

Diazoacetic esters are able to undergo a number of reactions, in which the 
two atoms of nitrogen are replaced by two mono-valent groups or atoms. 

1. With concentrated hydrochloric acid, nitrogen is evolved and an ester 
of monochloroacetic acid is produced: 


jj^CHCOOCjHs + HCl—>- CICIIjCOOCjHj + N # . 

2. Esters of glycollic acid are produced with dilute acids, nitiogen being 
evolved: 

NjCHC OOC,H 5 + H,0 —> HOCH t COOC 2 H 5 + N t . 

This reaction is a reaction of the first order, the velocity constant being 
directly proportional to the concentration of hydrogen ions, which act 
catalytically. Hence the determination of the velocity of this reaction 
(measurement of the amount of nitrogen evolved in a certain time) is a 
means of determining hydrogen ion concentration (Brhdig). 

3. An ester of diiodoacetic acid is produced by the action of iodine: 

N|CHCOOC,H 6 + I,—> CHI t COOC,H s + N # . 

4. On heating a solution of an ester of diazoacetic acid in ligroin in pres¬ 
ence of a copper powder catalyst, the corresponding ester of fumaric acid 

is produced: 

2NjCHCOOC,H 6 —>. CjH 6 OOCCH=CHCOOC 2 H 6 + 2N 2 . 

The reactions mentioned above are in accordance with the suggested 
structural formula. Ethyl diazoacetate is a comparatively unstable substance 
which undergoes slow decomposition at ordinary temperatures. On heating 

this decomposition takes place explosively. 

A second group of reactions, which esters of diazoacetic acid can undergo, 
are those in which the diazo-group, —N=N—, breaks one of its bonds with 
the neighbouring carbon atom. In this case pyrazole derivatives (see 323) 

are produced. , 

A third group of reactions comprise additions, in which the double bond 

between the nitrogen atoms is converted into a single bond. By addition 

of hydrogen (by the action of zinc dust in alkaline solution) and simultaneous 
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hydrolysis there is produced a salt of hydraziacetic acid, which is decomposed 
by acids at ordinary temperatures into glyoxylic acid and a salt o y- 

drazine: 


N,CHCOOC,H( + 2 H 
2 NaOH 


H l N ^CHCOONa- SO< + 0=CH-C00H + (N,H 4 )H lS 0 1 , 

HN/ 


sodium hydrazi- 


glyoxylic 


hydrazine 


Hydrazine was discovered by Curtius by means of this reaction. 

The hydrogen atom in the N 2 CH-group in alkyl diazoacetates is replacable 
by metal. Sodium, for example, dissolves in the ester with the evolution 

of hydrogen. 

The simplest diazo-compound is diazomethane, N^ CH *» which ma V t>e prepared by 
the action of alcoholic potash on an ethereal solution of nitrosomethylurethane: 


/CH, 

0=C /N \NO + 2KOH —> H,CN, + KjCO, + C t H t OH + H,0 . 

\OC,H, 

nitrosomethylurethane 

Diazomethane is a yellow coloured gaseous substance, readily soluble in ether; 
it is very poisonous. It is an unstable compound rapidly decomposing even in ethereal 
solution. An ethereal solution of diazomethane is used as a methylating agent, since 
this substance reacts with both carboxylic acids and with phenols with the evolution 
of nitrogen according to the equations: 

C,H 5 OH + N,CH,—>• C,H,OCHj + N, 

CH,COOH + N,CH, —> CHjCOOCH, + N s . 


Aldehydes react with diazomethane in two ways with the formation of ketones 
and the isomeric ethene-oxides: 


RCHO + C H,N, 




RCOCH, 
RCH— CH, + 



Diazomethane reacts with ketones on the addition of water or methyl alcohol, 
which act as catalysts, as follows: 


CH s COCH, + N,CH t 


CH,COCH,CHj + N, . 



PART TWO 

CARBOCYCLIC COMPOUNDS 



CARBOCYCLIC COMPOUNDS 


2ii Those compounds are included in the cyclic compounds, which contain 
in their molecules a closed chain of atoms which remains intact during 
chemical reactions. Compounds with molecules containing a closed chain 
of atoms, such as anhydrides and imides of dicarboxylic acids, lactones and 
monosaccharides, have already been discussed in part one of this book; 
on hydrolysis, however, these compounds are easily converted into open 
chain compounds, so that a great difference exists between these groups 
of compounds and cyclic compounds proper. Cyclic compounds are divided 

up as follows: . 

A. Carbocyclic compounds in which the closed chain of atoms consists 

exclusively of carbon atoms. These are sub-divided into: 

1. Aromatic compounds or benzene derivatives. Compounds with condensed 
rings i.e. with two or more closed chains of atoms having at least two 
atom’s in common, like naphthalene C 10 H 8 , which contains two six-rings, 
anthracene C U H 10 , which contains three six-rings, etc., are also included 

in this class. 

2. Alicyclic compounds. These are the cyclanes and their derivatives to 

which the important group of terpenes belongs. 

B. Heterocyclic compounds. The closed chain of atoms in this class consists 
of one or more atoms of other elements besides carbon atoms. Examples 
of these are pyridine, C 5 H 5 N and its derivatives in which a ring of five carbon 
atoms and a nitrogen atom occurs, pyrone derivatives with a ring of five 
carbon atoms and one oxygen atom, furan C 4 H 4 0 with a ring of four carbon 
atoms and one oxygen atom, pyrrole C 4 H 5 N with a ring of four carbon 
atoms and one nitrogen atom, thiophen C 4 H 4 S with a ring of four carbon 
atoms and one sulphur atom, pyrazole C 3 H 4 N 2 with a ring of three carbon 
atoms and two nitrogen atoms and many others. To this class belong also 
compounds in which dissimilar rings occur having at least two atoms in 
common, like quinoline C 9 H 7 N, which contains a benzene ring and a pyridine 
ring in the same molecule. 

About 4,000 ring systems are knowm; since numerous derivatives of each 
of these basic types are known, the number of cyclic compounds is very 
large indeed. 



CHAPTER 9 


AROMATIC COMPOUNDS 

212. The name of these compounds has originated from the fact that the 
first substances in this class were discovered in constituents of plants char¬ 
acterised by a pleasant flavour or aroma. 

In 1832 Liebig and Wohler examined the essential oil of bitter almonds; 
they found it contained a substance having the composition C 7 H c O, benz- 
aldehyde (see 257), which may be oxidised to an acid C 7 H 6 0 2 benzoic acid 
(260). This acid was also found as a constituent of gum benzoin. In 1835, 
Mitscherlich found that by heating the calcium salt of benzoic acid with 
calcium hydroxide, a hydrocarbon C c H 6 benzene, which had already been 

discovered in another way, (213) was produced. 

A constituent of tolu balsam, toluene C 7 H 8 , is also converted into benzoic 
acid on oxidation, so that it also is to be regarded as a derivative of 
benzene. In caraway-oil there occurs a hydrocarbon cymene C 10 H 14 , from 
which a dibasic acid, C 8 H 6 0 4 , terephthalic acid (266), is produced on oxida¬ 
tion ; on heating the calcium salt of this acid with calcium hydroxide, it 
is converted into benzene. Hence all the substances ment’oned in these 
examples are to be regarded as derivatives of benzene. 

Therefore, the term, aromatic compounds, has become a general one for a 
large class, which can be regarded as being derived from benzene in the same 
way as aliphatic compounds may be considered as derivatives of methane. 
The description “aromatic character” has therefore no reference now to the 
odour of the substances, but to the chemical properties of benzene and its 

derivatives. 


(t) hydrocarbons of the benzene series 

213. These hydrocarbons form a homologous series the terms of which 
satisfy the general formula C n H 2 n-6- The second and successive terms of 
the series may be derived from benzene by replacing one or more of its 
hydrogen atoms by alkyl groups. 

Thus these hydrocarbons contain 8 hydrogen atoms less than the corres¬ 
ponding alkanes with the same number of carbon atoms and should therefore 
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be considered, from their composition, as highly unsaturated compounds; 
their chemical properties, however, diverge considerably from those of the 
unsaturated aliphatic hydrocarbons. Hydrocarbons of the benzene senes 
undergo addition reactions much less readily and are much less easily 

oxidised than alkenes or alkadienes. ^ 

When the hydrocarbons of the benzene series are compared with alkanes, 

there appears to be acharacteristic difference in theirbehaviour towards strong 
nitric acid and fuming sulphuric acid. Alkanes, in general, do not react with 
these acids or only at elevated temperatures. Benzene and its homologues 
react with concentrated nitric acid or fuming sulphuric acid easily at ordinary 
temperatures; in both cases substitution products are formed without 
degradation of the hydrocarbon molecule occurring. 

Benzene C 6 H 6 was discovered by Faraday in 1825 in a liquid obtained 
by compressing ''oil-gas”, but was first examined more closely sometime 
later. It occurs in small quantities in coal-tar, in which it was detected by 
A. W. von Hofmann in 1845 and from which it is now recovered commer- 

daily (see 219). 

Benzene is a highly refractive liquid, which is very sparingly soluble m 
water; it is completely miscible with ether, ethanol and many other organic 

solvents. 

It is now obtained from coal-gas or coal-tar. It can be obtained in a pure 
state by heating calcium benzoate with calcium hydroxide: 

(CjHjCOOltCa + Ca(OH)j —■> 2C,H e + 2CaCO s . 

When this reaction is earned out with the calcium salt of a homologue of 
benzoic acid, the corresponding homologue of benzene is produced. 

Modes of formation of benzene and its homologues from aliphatic hydrocarbons 

The formation of benzene and other aromatic hydrocarbons, discovered 
by Berthelot, by heating ethyne to 700-750°, takes place more easily 
when the gas is passed over activated wood charcoal at 650° (Zelinsky). 
A tar-like liquid is produced, which contains about 35 % of benzene along 
with toluene, />-xylene, styrene, naphthalene, etc.: 

3 c 2 h 2 —> c 8 h 8 

4 C 2 H s —►C,H jCH = CH, (styrene) 

5 C 2 H 4 —> C 10 H # + H a (naphthalene). 

Toluene may also be produced in this reaction by the reductive decomposition 
of styrene with the simultaneous formation of methane. The polymerisation of 
ethyne to benzene can also take place at about 70° in a solvent, under the 
influence of special catalysts consisting of complex compounds of phosphines 
and nickel carbonyl (Reppe). 
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A very remarkable mode of formation of benzene and its liomologues consists of 
the catalytic dehydrogenation of alkanes containing an unbranched chain of six carbon 
atoms. This reaction occurs at about 460° over a chromium oxide catalyst; four mole¬ 
cules of hydrogen are split off and a benzene ring is formed (Moldawsky and Kami'- 

sher) : 


c- 

n-hexanc 


6 H 12 + H 


C 

hexene 


3 Hj -f C a H fl . 

benzene 


In a similar way toluene is produced from n-heptane and o-xylene from n-octane 
via octene-2: 

HjCCHjCHjCHjCHjCHjCHoCHj —> C.H.ICHj), + 4 H 2 . 

The reaction product obtained in this process contains besides aromatic hydrocarbons 
and unchanged starting material, also considerable quantities of alkenes. 1 his reaction is 
of importance for the “aromatisation” of aliphatic petrols, which results in an increased 
octane number. This “aromatisation” probably takes place via alkenes as intermediate 

products. 

Chemical properties and structure of benzene. Nitrobenzene C 6 H 5 N 0 2 (222) 
is produced by the action of nitric acid, and benzene sulphonic acid C 6 H 5 S 0 3 H 
(227) by the action of sulphuric acid, on benzene. 

By the action of chlorine or bromine in the presence of halogen carrying 
catalysts, e.g. ferric halides, chloro- and bromo-benzene. respectively, are 

formed. 

When the formula for benzene C 6 H G is compared with that of hexane 
C c H 14 , the alkane with six carbon atoms, it is seen that benzene contains 
eight hydrogen atoms less than this saturated compound. It is obvious to 
assume therefore that polyvalent carbon bonds occur in benzene, as is the 
case in the alkenes, e.g. C 6 H 12 and the alkadienes e.g. C 6 H 10 . 

Experience shows, however, that benzene is not oxidised by alkaline per¬ 
manganate and that benzene does not decolourise bromine water, although 
under certain conditions six atoms of chlorine or bromine can add on to the 
molecule. Benzene hexachloride (C 6 H 6 C 1 6 ) is rapidly formed from a mixture 
of benzene and liquid chlorine in sunlight. Heat is set free in this reaction. 

Four stereoisomeric benzene hexachlorides are produced, which differ in the relative 
positions of the chlorine and hydrogen atoms with regard to the carbon ring (Van der 
Linden). The Y -benzene hexachloride, melting at 113 0 . is an insecticide (Lindane). 

Benzene can add on six atoms of hydrogen and is converted into cyclohexane : 


. C«H e + 3 « t ^ C,H 1# + 47 kg.cal. 

This reaction is reversible. At ordinary temperature the equilibrium lies 
on the side of cyclohexane, above 300° almost entirely on the side of benzene. 
The reduction takes place only in the presence of a catalyst, viz. active 
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platinum black at ordinary temperature or finely divided nickel at 180° 

(Sabatier and Senderens; Willstatter; Zelinsky) 

Benzene can add on three molecules of ozone with the formation of a 

tri-ozonide which is split up into three molecules of glyoxal O-C-C-O 

with water (Harries) (see p. 33 8 )- H H 

In these reactions benzene behaves like a substance with three double 

bonds, yet it deviates, as we have seen, from the behaviour of the unsaturated 
aliphatic hydrocarbons. 

In order to establish how the six atoms of hydrogen are divided over the 
benzene molecule, two facts must be taken into account: 


214. Firstly, mono-substitution products of benzene do not occur in isomeric 
forms. From this it follows, that the six atoms of hydrogen in benzene must 
be equivalent, i.e. whichever hydrogen atom is substituted, the same mono¬ 
substitution product is produced. For example, only one monobromobenzene 
C G H 5 Br, is known, one mononitrobenzene C 6 H 5 N 0 2 , one benzoic acid 

QHXOOH, etc. . 

The second fact is that di-substitution products can occur in three isomeric 
forms. Thus three dibromobenzenes C 6 H 4 Br 2 , for example, are known and 
are differentiated as ortho-, meta- and £ar«-dibromobenzene. 

There are three possible formulae for C 6 H 0 , in which all the six hydrogen 

atoms are equivalent: 


I. C 4 (CH 3 )., II. Cj(CH s )„ 


III. (CH)|. 


If we now investigate which of these formulae is in agreement with the 
second requirement, we see that only two disubstitution products can be 

derived from formula I viz.: 


/CH,X 

C« 

\CH,X 


and 


/CHXj 

C 4 

\CH, 


Hence this formula must be discarded. The following disubstitution 
products should be possible from II: 

/CHX /CHX / CH * 

I. CV—CHX, 2. CV — CH. , 3- C^-CH, , 4 . c ^— CX, . 

X \ C H t ^CHX ^CH, \CH, 

Of these, however, i is the same as 2 and 3 the same as 4, for the hydrogen 
atoms are equivalent and this can only be the case if the CH a groups also 
are exactly equivalent in the benzene molecule. According to formula II 
only two isomeric disubstitution products should be capable of existence, 
so that this formula also must be discarded. 
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Hence there remains formula III, in which each of the carbon atoms carries 
one atom of hydrogen. The carbon atoms of the benzene molecule cannot be 
arranged in an open chain, since in such a chain there are terminal and medial 
CH-groups, which are not equivalent. On the other hand, a closed chain of 
six carbon atoms fulfils the condition that all the atoms of hydrogen are 
equivalent. The cyclic formula at the same time fulfils the condition that 
three and not more than three isomers are possible in a disubstitution 

product. 


X 


X 

C\ 

/ 

\ 


A 

< 



A 

c 


H C 0 1 2 C X 

I I 

XCo 

1 

1 2CH 
| 

H C (5 1 2CH 

I I 

H C< 

_ I 

1 

2~CH 

| 

HC 0 
| 

1 

2 C H 
| 

1 1 

HC5 . 3CH 

1 

HC5 

. 3CH 

1 1 
, HC5 4 3CX 

— 1 

X C :> 

4 

3CH 

/ 

, HC3 

4 

3CH 


N 

C^ 

^C^ 

N 

C 



c 


H 


H 

H 


II 



X 



ortho "' cla para 


It is clear that the compounds C G H 4 X 2 1,2 = 1,6 {ortho) ; 1,3 — 1,5 {meta) 
and 1,4 (para) are isomers. In the above schematic formulae each carbon 
atom is represented with three bonding forces. If the tetra- 
valency of the carbon atom is maintained then the formula, 
which was suggested in 1865 by Kekule and in which the 
carbon atoms are joined together alternately by single and 
double bonds, is obtained. h 


h 

H C C H 


II 


CH 


Kekul£ suggested this formula, because on supposition that the formula 
six atoms of hydrogen are equivalent, it appeared to him to be the 
simplest and there were no known facts which were opposed to this hypothesis. 
Also, at the same time, he took the tctravalency of the carbon atoms as his basic 
starting point. It followed from Kekule’s formula, that disubstitution products must 
occur in three isomeric forms. In 1865, however, only two isomers were known of 
many disubstituted products, so that Kekule could make no use of the experimen¬ 
tal data then available to prove the correctness of his formula. In succeeding years, 
however, the conclusions which may be drawn from this formula, were amply con¬ 
firmed by the work of a very large number of investigators. The addition of hydrogen 
and the formation of a tri-ozonide, from which the presence of three double bonds 
may be deduced, were first accomplished at the beginning of the present century. 
The Kekul£ formula therefore has become the basis for the theory of structure of 
aromatic compounds and thereby also for the theory of cyclic compounds in general. 

The addition reactions of benzene are therefore represented by the follow¬ 


ing formulae: 


H 

c 




HC 


HC 


CH 

I 

CH 


H 

benzene 


+ 3H 


H 

C 


H 2 C 


CH 


H,C 


CH. 


C 
H. 

cyclohexane 
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H 

HC CH 


CH 


/ 


H 


+ 3 Cl* 


Cl\ 

Cl\ 

H/ 


Cl H 

"^C 


C 

I 

c 


c 

c 


/Cl 

\H 

/Cl 

\H 


C 

H "Cl 
benzene hexachloride 


CH. 9 


H 

C 




HC 

II 

HC 


CH 


+ 3 O; 


CH 


/ 


H 


«/?• 

C ^! 

HC CH 

Os' || | + 3 HjO 

^HC CH 

'-cfS 

H -O s 

triozonide of benzene 


3 0=C—C=0 + 3 HjOj. 
H H 


The space model of the benzene molecule must fulfil the condition that 
the carbon atoms lie in a plane with the atoms of hydrogen, since any other 
spatial configuration would lead to the occurrence, for ortho- and meta- 
disubstituted products, of incongruent mirror images and hence to the 
possibility of optical activity, not a shred of evidence for which has ever 
been found. This condition is fulfilled by the Kekule formula. 

The planar structure of the benzene ring is confirmed by the X-ray 
examination of the crystal structure of hexamethylbenzene C 6 (CH 3 ) 6 , from 
which it follows: firstly, that the carbon atoms of the benzene ring lie in aplane, 
in which the carbon atoms of the CH 3 -groups are also situated, secondly, 
that the distances between two successive carbon atoms (sides of the hexa¬ 
gon) are all the same and equal to 1.39 A and thirdly, that the molecule 
possesses a centre of symmetry (Lonsdale, 1929). 

The equivalence of the C—C bonds in benzene follows also from researches on 
the infra-red and Raman spectra of benzene compared with those of a benzene in 
which some of the atoms of hydrogen have been replaced by atoms of deuterium 

(Ingold). 

These results are not in agreement with a model of the Kekule formula, 
since in this the sides of the hexagon should have alternating lengths of 
1.54 A (C—C distance) and 1.34 A (C = C distance) (compare 37); this 
figure does not possess a centre of symmetry. Hence there is a discrepancy 
between the results of chemical researches, on the grounds of which we must 
assume that benzene can react like a substance with double bonds, and of 
physical investigations, from which it follows that no double bonds are 
present in the benzene molecule. It will be apparent from the following 
how both opinions can be reconciled. 

215. According to the Kekul£ formula two isomeric forms should be 
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possible for or///o-disubstitution products, since the carbon atoms which 
carry the two substituents may be joined by either a single or a double bond: 


x x 

c. 


^ v 

HC 

| 

\ 

cx 

II 

and 

HC 

II 

cx 

1 

HC 

^c- 

II 

CH 


HC \ 

CH 

C^ 

II 




H 

I 




II 


Since no observations have ever been made which would point to the 
existence of isomeric or/Zio-derivatives, it is assumed, in accordance with 
a hypothesis put forward by Kekule in 1869, that tlie double and single 
bonds in the benzene ring can rapidly exchange places with each other, so 
that the above mentioned o/7//o-derivative must be represented by both 
the structures I and II, which are rapidly converted one into the other. 
Confirmation of this hypothesis was provided in 1932 by Levine and Cole, 
who showed that by the action of ozone on o-xylene and decomposition 
of the triozonide formed, three oxidation products were produced, namely, 
glyoxal, methylglyoxal and diacetyl (146). These three compounds can be 
produced if the xylene reacts according to both Kekule structures, as 
appears from the formulae given below: 


ch 3 

iC°’ 


o 


HC 


HC 


CCHj 

CH 


<! 


1 


o=c—c=o 
I I + 

H H 

2 CH,COC 


O q ^ CH, 

HC CCH, 

I |>o. 

HC CH 

r*c^ 

Oj^H 

1 

2 o=c—c=o 

I I + 

H H 

CHjCOCOCH,. 


Since the chance of reaction is equally great for each of the Kekule 
structures, the decomposition products mentioned above should be formed 
in the ratio of 1 mol. of diacetyl : 2 mols. of methylglyoxal : 3 mols. of 
glyoxal. From an investigation by Wibaut and Haayman it follows that 
this is indeed the case. The same oxidation products are produced in the 
ozonisation of 1,2,4-trimethylbenzene in the ratio of 1 mol. of diacetyl . 4 
mols. of methylglyoxal : 1 mol. of glyoxal. Hence 1,2,4-trimethylbenzene 
reacts according to both Kekule structures in equal measure: 
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CH 3 


O, 


HC 


CH 


0 3 


HC C—CHj 

1 o 3 
CH, 

I 

3 0=C — C—CH, 


H O 


CH, 

°S'. I 
I 'C. 

HC CH 

I l>o. 

HC C —CH, 

He/ 


° 3 CH, 

1 

H,C—C —C—CH, 




O O 
+ 


CH,—C—C 

II 

o 

+ 

0= c—c=o. 
I I 

H H 


The two Kekule structures of the benzene molecule differ only in the 
arrangement of the valency electrons; the atomic nuclei occupy the same 
position in both structures (electron configurations A and B). From wave- 
mechanics it follows that a molecule, for which two structures can be set 
up differing only in the arrangement of the valency electrons, actually 
assumes a structure, in which the distribution of the valency electrons 
lies in between those of the two limiting structures. This is designated as 
resonance between valency structures or, following a suggestion by Ingold, 
as mesomerism {i.e. “between the parts"). In this structure (configuration C) 
two valency electrons are found between each pair of carbon atoms. Each 
carbon atom has an unshared valency electron and it is assumed that these 
six valency electrons arrange themselves in a group of six. Calculation 
shows that this configuration is more stable energetically than either of the 
configurations A or B (L. Pauling; E. Huckel). 


H 

H 

H 
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It is clear that in configuration C the distances between successive carbon 
atoms is the same in all cases and that this configuration has a centre of 
symmetry. 

The idea of mesomerism is to be clearly differentiated from tautomerism 
(149). In the conversion of tautomeric forms into one another, not only is 



MESOMERISM 


341 


§ 215-216 


there a displacement of the valency electrons but also a simultaneous 
displacement of a proton. Benzene or a derivative of benzene is not to be 
regarded as a mixture of two Kekui.e forms which change into one another 
in the manner of tautomers. The benzene molecule in its condition of rest 
is an intermediate form between the two limiting Kekui.e structures in 
which the C—C bonds in the ring are mutually equivalent. 

In addition reactions of benzene—which are preceded by an activation 
of the molecule -accompanied by a transfer of energy—benzene reacts like 
a substance with three double bonds in accordance with both the Kekui.e 
structures, this, as we have already seen, can be demonstrated in an appro¬ 
priately chosen example. 

216. The typically aromatic character will not be evident therefore in 
a six ring system with one or two double bonds in the ring, since in these 
cases a mesomeric form is not possible. 1 his is clearly apparent from the 
properties of cyclohexene C G H 10 and cyclohexadiene C 6 H 8 , which behave like 
unsaturated open-chain hydrocarbons. 


Cyclohexene, II, which can easily be obtained by splitting oil water from cyclo- 
hexanol, I, behaves like an unsaturated compound and easily adds on two atoms of 
bromine: 
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In order to prepare cyclohexadiene from this dibromocyclohexane it is warmed 
with dimethylamine, when a molecule of hydrogen bromide is split off and a bromine 
atom is replaced by the —N(CH 3 ) 2 group, so that the unsaturated tertiary base, IV, 
is produced. This cyclohexenylamine is now treated with methyl iodide and then 
with silver hydroxide, by which means base V is produced; this is converted into 
cyclohexadiene (VI) by dry distillation under reduced pressure. Both II and VI behave 
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, nrr {o r example, oxidised by dilute alkaline per- 

likc unsaturated compou . , , t vt yil is produced (see 92), which 

manganate solution. When bromine - added to y U It a pressure of 

introduced into the six-ring, a substance with aromatic charactenstics ts produced 

In a similar way. by degradation of the alkaloid ^-do-pel^ 

ticrene. in the molecule of which a cyclo-octane ring occurs, W.lcstAtter Ma 
a hydrocarbon of the composition C 8 H 8 , cyclo-octatetracne. He assigned structure I (below) 
to this compound, because on reduction it took up eight atoms of hydrogen with the 
formation of cyclo-octane. From recent investigations by Reppe it appears that cyclo- 
octatetraenc can be prepared by the polymerisation of cthyne under the influence of 
specific catalysts. For this purpose, acetylene at a pressure of 10-15 atmospheres 
and a temperature of about 100“ is led into a suitable solvent, preferably tetrahydro- 

furan. in which nickel cyanide is suspended. 

Cyclo-octatetracne is a golden yellow liquid, which boils at 142 ; setting poin 

_ 7 ° t J20 0.925. n|? 1.5389. The molecular heat of combustion amounts to 1084.7 kcal, 

from which it follows that the heat of formation from graphite and hydrogen is 59 kcal. 

Cyclo-octatetracne has powerful unsaturated properties; it is quickly oxidised by 
permanganate dissolved in glacial acetic acid and is slowly attacked by atmospheric 
oxygen. By the action of a mixture of sulphuric acid and nitric acid, nitration does 

not take place but resinous products are produced. 

The Raman spectrum of cyclo-octatetracne indicates that the carbon ring has a 
non-planar structure. Consequently, the occurrence of mesomerism, which would be 
expected with a planar structure, is impeded. This is related to the fact that cyclo- 
octatetraenc has an unsaturated character compared with benzene. 

The catalytic reduction of cyclo-octatetracne can also be carried out in such a way 
that cyclo-octenc (II) is produced as the chief product, from which suberic acid (III) 
(124) is obtained by oxidation with permanganate. This observation is in accordance 

with formula I. 

Reppe and his collaborators have found, however, that this remarkable hydrocarbon 
can undergo various reactions in which it reacts as a bicyclic structure (IV). By the 
action of sulphuryl chloride (S 0 2 C 1 2 ) two chlorine atoms are added to the molecule 
and a dichloride C 8 H 8 C 1 2 is produced. Structure V is assigned to this compound on 
the basis of the following reactions. The chlorine atoms can be replaced by acetoxyl 
groups by the action of potassium acetate; the ester VI so obtained, is converted by 
catalytic reduction into VII, from which a diol (VIII) is obtained by hydrolysis. 
cis-Hexahydrophtlialic acid (291) is produced by oxidising tills diol with nitric acid. 
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217. Nomenclature and isomerism of benzene derivatives. It has already 
been said that the number of isomeric disubstitution products, denoted by 
the prefixes ortho-, meta- and para-, or by the numerals 1,2-, 1,3- or 1,4-, 
is the same lor similar or dissimilar substituents. This is not the case for 
three substituents. If the substituents are alike, there are three isomers: 


X 

X 

X 

/\x 


A 



U x 

V 

vicinal 

symmetrical 

asymmetrical 

1 . 2 , 3 - 

1.3.5- 

x.3.4- 


If one substituent is different from the two others, there is a difference 
according to whether this substituent stands in the 2- or 3- position in the 
vicinal derivative or in the 1-, 3- or 4-position in the asymmetrical compound. 

The number (10) of isomers with three dissimilar groups can be derived 
quite easily. With four similar substituents in the nucleus the same number 
(3) of isomers is formed as with two, since the remaining two atoms of 
hydrogen may be situated in the ortho-, meta- or />rtra-position to each 

other. 

If an alkyl or similar group is attached to the benzene nucleus such as in 
C 6 H 5 CH 3 , C 6 H 5 CH 2 CHXH 3 or C 6 H 5 CH 2 OH, these are termed side-chains. 
The ring of six carbon atoms is frequently termed the benzene nucleus. 
Substituents may occur in both nucleus and side-chain. The group C 6 H 5 - 
is called the phenyl group. 

At one time Gerhardt (1837) suggested the name phene ,derived from the Greek verb 
to shine ((patvetv), for the hydrocarbon which we now call benzene, since benzene burns 
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with a bright luminous flame. This name never came -to general use, however, but 

th h'oUowin^'the ^ruk-'Thar^iifs^aturated^hyclrocarlKms are denoted by the suffix ene 
lolloNMn tne the ear iier common name in general use for this 

substance name benzol was chosen by Mitschereich, because he obtained 

theVivdro'carbon C.H. from benzoic acid, which derived its name from gum benzom. 


The establishment of the actual carbon atoms in the benzene nucleus to 
which particular substituents are attached, is known as the determination 
of position or the orientation of substituents. The methods used for this purpose 

are based on the following principles. , . . , 

ls t Absolute orientation. A general method is known as Korner s P^ciple 
(1874). by which disubstitution products with similar substituents, 
are identified as ortho -, meta- or ^rfl-compounds, by investigating how 
many trisubstitution products can be produced from them. If a third group 
Y (similar or dissimilar to X) is introduced into an ortho-c ompound, then 
according to Kekule’s formula two isomers may be produced. 



In a -compound, three isomers can be formed when a third substituent 
is introduced: 


X 

X 

X 

/y 

A 

A 

\) x 


vk> 

Y 



Only one trisubstitution product can be produced by the introduction 
of a third group into a ^ara-compound: 



Later on we shall discuss examples of orientation by Korner s prin¬ 
ciple (271). 

2nd Relative orientation. In this method an attempt is made to convert 
compounds in which the positions of the substituents are unknown, into 
compounds in which these are known, it being reasonable to conclude, that 
the substituents in the first compound occupy the same positions as in the 
compounds, which have been derived from it. For example, if it is desired 
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to determine the structure of o-. m- or />-xylenc the hydrocarbon may be 
oxidised to the benzene dicarboxylic acid (266): 


C.H.ICHjIj 



xvU*ne 

w 


C g H,( C OOl !)•>• 
phthalie arid 


If the position of the carboxyl groups in the three phthalic acids is known, 
then the position of the methyl groups in the xylenes follows. In order to 
apply this method the position of the substituents for a number of compounds 
must be definitely known. Further, it is assumed that the substituents do 
not change place during the various reactions. Experience has shown that 
this assumption is justified in most cases. Examples are known, however, 
[see bromobenzenesulphonic acids (227)], in which a substituent changes its 
position. Sometimes, when a compound containing a sulphonic acid group 
is fused with potash to replace the sulpho group by hydroxyl, the lattei 
enters another position. Any uncertainty in the determination of position 
is removed when, as is done in many cases, another synthetic method is 
used. The connexion between di- and tri-substitution products derived from 
the formula of Kekule has been thoroughly confirmed by countless experi¬ 
ments since the formula was put forward. 


218. Homologues of benzene. Toluene, C 6 H 5 CH 3 , occurs along with benzene 
and other homologues in coal-tar and is obtained commercially from this 

material (219). 


Preparation of alkylbenzenes 

1. By the Fittig synthesis. In this reaction an alkyl bromide (or iodide) 
and sodium are allowed to interact with bromobenzenc or, more generally 
with a nuclear brominated aromatic hydrocarbon: 

2Na 

C 6 H 5 Br +BrC 2 H 6 —C 6 H 5 C 2 H 5 + 2 NaBr. 

This reaction is similar to the synthesis of alkanes from alkyl halides by 
the method of Wurtz (17). By-products like diphenyl C 6 H 5 -C 6 H 5 , (273) 
and the corresponding dialkyls are frequently formed in the Fittig syn¬ 
thesis. A good yield of alkylbenzene is obtained when the higher normal 

primary alkyl iodides are used. 

2. By the synthesis of Friedel and Crafts, which is specific for the 
aromatic series. This method depends on a peculiar property of aluminium 
chloride; when this substance is introduced into a mixture of an aromatic 
hydrocarbon and an alkyl chloride, hydrogen chloride is evolved and a 
hydrogen atom in the benzene nucleus is substituted by an alkyl group. 

C 6 H 6 H 4- CICH 3 —> C 6 H 5 CH 3 + HC1. 
benzene methyl toluene 
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This equation gives a simplified view of the reaction, which is actually rather 
complicated. Addition compounds can be formed of aluminium chloride with the 
aromatic hydrocarbon, with the alkyl halide and with the homologue of benzene 
formed in the reaction (Boeseken). These addition compounds are usually produced 
from i mol. of aluminium chloride and i mol. of the substances mentioned. If the alumi¬ 
nium chloride is not fixed by the formation of an addition compound, only a small 
amount is necessary, e.g. in the synthesis of diphenylmethane ( 273 ) from benzyl 
chloride ( 221 ) and benzene: 

AlClj 

C,H 5 CH a Cl + C 6 H e —> C,H 5 CHjC,Hj . 


This reaction takes place quite readily on the addition of i/ 5 °thof a mol. of aluminium 
chloride. O 11 the other hand, p-nitrobenzyl chloride gives an addition compound with 
aluminium chloride so that 1 mol. of the latter must be used in the synthesis of 
/>-nitrodiphcnylmethane C 8 H 6 CH 2 C 6 H 4 N0 2 . (Boeseken); it is assumed that this 
addition compound dissociates to a small extent and that the uncombined aluminium 
chloride is the actual catalyst in the Friedel-Crafts synthesis. 

By this method, the reaction docs not as a rule stop when one alkyl group has been 
introduced, a mixture of mono- and higher substitution products is usually produced 
so that fractional distillation must be carried out after the synthesis to separate the 
homologues. Also the breaking down of hydrocarbons may be observed as well as 
their synthesis. If toluene C 8 H 5 CH 3 , for example, is treated with aluminium chloride, 
both benzene C 6 H 8 and xylene C 0 H 4 (CH 3 1 2 arc produced. Hence the alkyl groups are 
transferred from one molecule to another. 

j. By the action of alkenes on benzene in the presence of condensing agents like 
sulphuric acid, phosphoric acid, aluminium chloride, etc., a mixture of mono-, di- 
and tri-alkylbcnzones is produced according to the scheme: 


yTC,HjCH(CHj)j 

C a H, + C 3 H 6 <; 

^C 6 H 4 (CH(CH 3 ),] 4 

During this reaction part of the alkene is condensed to higher alkenes (87). 

TABLE 40 


SOME PHYSICAL CONSTANTS OF BENZENE AND ITS HOMOLOGUES 


Name 

Formula 

Boiling 

point 

°C 

Refrac¬ 

tive 

index 

n D 

Melting 

point 

°C 

Heat of 
combustion 
kg.cal./mol. 
25 0 const, 
pressure 

Spec. 

grav. 

d ” 

Benzene 

C a H 8 

80.07 

1.5010 

5.49 ' 

780.98 

0.8790 

Toluene 

C,H 5 CH 3 

110.56 

1.4962 

—95.18 

934.50 

0.8665 

w-Xylcne 

1.3—C 0 H 4 (CH 3 ) 2 

139.08 

1.4972 

—47.87 

1087.9 

0.8642 

Mesitylene 

1,3,5-C 0 H 3 (CH 3 ) 3 

164.74 

1.4994 

—44.82 

1241.21 

0.8637 

Ethylbenzene 
/sopropylben zene 

C«H 5 C 2 H 6 

136.06 

1.4959 

—94.97 

1091 

0.8670 

(cumene) 

l-Mcthyl-4-iso- 

C 8 H 5 CH(CH 3 ) 2 
/CH 3 (1) 

152.39 

1.4915 

—96.7 

1246.51 

0.8623 

propylbenzene 

(cymene) 

C.H 4 

^CH(CH 3 ) 2 (4) 

176.9 

1.4903 

69.8 

1400 

0.8573 
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§ 218-219 occurrence of aromatic hydrocarbons 

Physical properties. The homologues of benzene are colourless liquids at 
room temperatures with strong refractive properties and a characteristic 
odour. They are miscible in all proportions with anhydrous methanol, ether 
and many other organic solvents but they are immiscible with water. Some 
of their physical constants are given in Table 40. 

Occurrence of aromatic hydrocarbons in nature and in industrial products 

219. Benzene and some of its homologues occur in certain kinds of petro¬ 
leum, e.g. in Borneo oil. Cymene, C 10 H 14 . i-methyl-4-/sepropylbenzene, occurs 
in some essential oils such as Italian camomile-oil, caraway-oil, thyme-oil 
and eucalyptus-oil. It is obtained in large quantities in the preparation of 
cellulose by the sulphite method (190), it being derived from the terpenes 

(294) which are present in wood (pine). 

Coal-tar and coal-gas form the chief source of aromatic hydrocaibons. 

Carbonisation of coal ; the tar. The carbonisation (dry distillation) is 
carried out in retorts or furnaces of fire-brick heated to a temperature of 
1000-1200°. Coal-gas, i.e. a mixture of hydrogen, methane, hydrocarbons 
and carbon monoxide (illuminating gas manufacture) is produced along with 
coke, which is also manufactured on a large scale in coke-ovens for the 
iron and steel industries. The yield of coke, a hard, black mass, consisting 
mainly of carbon along with small amounts of mineral constituents, amounts 
to about 70 % of the weight of coal carbonised. Coal-tar is produced as 
a by-product in a yield of about 4 %. 

The elementary composition of coal used in the manufacture of coke and gas 

omitting the mineral constituents—is alxnit S 8-91 % f'. 4-5“5-5 % I'b 4-5 _ 5o % C) « 

1 o o n and 1-2 % S. Carbon is not present in the free state in coals; it exists as a 
mixture of organic compounds of high molecular weight, which lias so far evaded all 
attempts to separate it into its constituents. The main component of coal consists of 
humus-like substances, black masses formed from the lignin and the cellulose of 
the vegetable remains, from which coal is formed. Lean coals, like anthracite, consist 
almost completely of these substances. 

Bituminous coals, however, contain, in addition, bituminous constituents produced 
from vegetable resins or from humic acids—which may be isolated by extracting the 
coal with benzene or pyridine. This bitumen produces the tar on thermal decomposition. 
When the dry distillation of coal is carried out at about 450 °, c.g. by working under 
reduced pressure, a tar of quite different composition is produced (Pictet). This 
primary tar or vacuum tar contains practically no aromatic hydrocarbons but hydro- 
aromatic hydrocarbons and, in addition, homologues of phenol. By heating to about 
900 ° the primary tar is decomposed and a tar is produced similar in character to that 
from gas-works and coke-ovens. Hence the formation of ordinary coal tar takes place 
in two stages. At low temperatures the above-mentioned substances are formed from 
the bitumens in the coal and at higher temperatures they arc split up into aromatic 
compounds and gaseous products. 

The tar is a thick black liquid (containing suspended particles of carbon) 
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with a characteristic odour and consists of a mixture of acid, basic and 
neutral substances. The latter are chiefly hydrocarbons belonging for the 
greater part to the aromatic series. Benzene and toluene are present to the 
extent of 1-1.5 %; naphthalene (279) to the extent of 5-10 %. 

Of the acid constituents, carbolic acid or phenol is the most important. 
The basic constituents are present only in small amounts and include 
pyridine, quinoline and their homologues as well as ammonia which 
remains dissolved in the water present in the tar. 

These constituents of the tar can be separated by distillation, leaving 
a thin black mass behind in the still; this is the pitch. The following fractions 
are usually separated from the distillate: 

1. Light tar oil boiling below 1S0 0 . 

2. Carbolic oil, boiling at 180-230°. 

3. Heavy tar oil or creosote oil, boiling at 230-280°. 

4. Anthracene oil boiling above 280°. 

The light tar oil contains benzene and its homologues, which can be 
separated from one another by fractionation. The chief homologues are 
toluene or methylbenzene and xylenes or dimethylbenzenes, the meta- 
compound predominating. Small quantities of benzene vapour occur in 
crude coal-gas (coke-oven gas), from which it can be removed by washing 
with heavy tar oil, the benzene subsequently being recovered by distillation. 
Benzene is obtained in this way on a large scale as a by-product from coke 
manufacture. 

(ii) HALOGEN SUBSTITUTION PRODUCTS OF BENZENE AND ITS HOMOLOGUES 

220. Mono-halogeno-substitution products of benzene. The action of chlorine 
or bromine on benzene in the presence of halogen carrying catalysts like 
ferric chloride or bromide, antimony chloride or aluminium chloride, leads 
to the replacement of one or more atoms of hydrogen in the benzene 
nucleus by halogen atoms. In this way there are produced not only mono- 
halogenobenzenes but also di- and tri-substitution products according to 
the quantity of halogen used: 

C # H 0 + Br, —► C a H 6 Br + HBr ; C # H 6 Br + Br a —V C e H 4 Br. + HBr. 

For the preparation of bromobenzene, bromine is added with cooling to benzene 
containing a few iron turnings; a brisk reaction takes place and hydrogen bromide 
is evolved. 

Iodine does not react with benzene at ordinary temperatures; in order to 
prepare iodobenzene by direct iodination, benzene must be heated with 
iodine and iodic acid in a sealed tube. The iodic acid serves to oxidise the 
hydriodic acid produced to iodine, since otherwise it would favour the 
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reversible reaction in which the iodine atom in iodobcnzenc is replaced by 
an atom of hydrogen. 

If a mixture of benzene vapour and gaseous fluorine diluted with nitrogen 
is passed over copper gauze at 90°, there is produced as chief product 
dodecajhtorocyclohexanc C 6 F 12 (b.p. 5 2 )• ^ ^ 1C samc degradation 

occurs with the production of lower carbon fluorides including Cb ,, C a b 6 , 

C 3 F 8 (Fu hukara and Bigelow). 

A method is described in 246 for preparing mono-halogenobenzenes from 
aminobenzenes. 

Properties. Some of the physical constants of the mono-halogeno-substi- 
tution products of benzene are collected together in I able 41. 


TABLE 41 


SOME PHYSICAL CONSTANTS OF THE 


MONO- HA LOG E NO SU RST1TUTED HE N Z EN ES 


Name 

Formula 

Boiling 

point 

°C 

Setting 

point 

° C 

Spec. 

grav. 

d;° 

Refractive 

index 

n D 

Mono-fluoro benzene 

1 

C.H S F 

85.2 

—40.5 

1.0236 

1.4677 

Mono-chlorobenzene 

c 6 h 5 ci 

132 

45 

1.1064 

1.5251 

Mono-bromobenzcnc 

C 0 H 5 Br 

156.15 

—30.6 

1.4953 

1.5600 

Mono-iodobenzene 

c 6 h s i 

188.55 

—31.35 

1.8325 

1.6189 


The mono-halogenobenzenes are colourless liquids. Iodobenzene becomes 
dark brown in colour when exposed to light on account of the separation 

of iodine. 

The halogen atom in the mono-halogenobenzenes is unreactive. These 
compounds can be boiled in aqueous or alcoholic solutions of alkalis, 
potassium hydrosulphide or potassium cyanide without replacement of the 
halogen atom occurring. When the mono-halogenobenzenes are heated with 
sodium methylate to 220°, the halogen atom is replaced by the methoxyl 

group: 

C s H»Cl + NaOCHj —> C 6 H 5 OCH 3 + NaCI . 


The halogen atom is replaced by the hydroxyl group by heating with 
caustic soda at 300°: 


C c H 5 C1 + NaOH —>- C,H»OH + NaCI . 
chlorobenzene phenol 

Aniline (236) is produced by heating chloro- or bromo-benzene with 
aqueous ammonia under pressure to about 200° in presence of a little copper 
sulphate as catalyst: 

C 6 H 5 Br -f NH, —>■ C c H 5 NH, + HBr . 
bromobenzene aniline 
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The reactivity of the halogen atoms in halogenobenzenes is comparable 
with the reactivity of the halogen atoms in the halogenoalkenes, in which 
the halogen atom is attached to the carbon atom carrying the double bond. 
In two cases, however, reaction takes place readily, namely, in the Fittig 

synthesis (see 218) and the Grignard reaction. 

Magnesium reacts with bromobenzene in dry ethereal solution to form 
phenylmagnesium bromide, C 6 H 5 MgBr, as easily as it does with an alkyl 
halide (39). This compound can be used to prepare tertiary alcohols con¬ 
taining a phenyl group in the same way as tertiary aliphatic alcohols are 

prepared (77). 


Compounds with iodine atoms of higher valency. Iodobcnzene and other aromatic 
compounds with a nuclear iodine atom, can add on two atoms of chlorine; thus, for 
example, phcnyliodochloride, C # H 5 IC1 2 , is produced from iodobcnzene. 

By treating this compound with alkali, an iorfoso-compound, e.g. iodosobenzene 
C a H 6 IO, is obtained. These are amorphous, yellow substances, which are converted 
into jo</cuy-compounds by heating or by oxidation with bleaching powder: 


2C e H,IO —► C,H S I + C a H 5 IO a . 
iodosobenzene iodoxybenzene 

Iodoxyb.nzene may also be obtained by oxidising iodobcnzene with perbenzoic 
acid; it is a crystalline compound which explodes on heating. 

Iodosobenzene liberates iodine from acidified potassium iodide solution and is 
thereby converted into iodobcnzene, from which it follows that the oxygen atom in 
iodosobenzene is attached to the iodine atom. 


Di-halogeno-substitution products of benzene. Para- (1,4-) and ortho- (1,2-) 
dihalogenobenzencs are produced by chlorinating or brominating mono- 
halogenobenzenes at slightly elevated temperatures and in presence of 
ferric chloride or bromide as catalyst; meta- (1,3-) dihalogenobenzenes are 
produced only in very small quantities in this way. 

The /w/'tf-dihalogeno-compounds are solid, the 0- and w-isomers are liquid. 
Pure w-dichloro- or w-dibromo-benzene are best prepared by reduction of 
w-chloro- or w-bromo-nitrobenzene to w-chloro- or m-bromo-aniline and 
replacement of the amino-group by halogen via the corresponding diazonium 
compound (245). 

Tri-halogeno-compoiinds of benzene. When three halogen atoms are 
introduced into the nucleus, the main product formed is the 
asymmetric trihalogeno-benzene (1,2,4-), since this compound 
can be produced from all three (0-, m- and p~) dihalogeno¬ 
benzenes. 

Hexachlorobenzene (“Julin’s carbon chloride”), m.p. 229 0 , is produced 
by the continued chlorination of benzene until all six atoms of hydrogen 
are replaced eventually by chlorine: 


hal. 



hal. 


C*H,+ 



C,C 1 6 + 6 HC 1 . 



HALOGEN SUBSTITUTION PRODUCTS 


§ 220-221 



221. Mono-halogeno-compounds of toluene. These comprise the halogeno- 
toluenes in which the halogen atom is introduced into the nucleus and the 
benzyl halides, in which the halogen atom is introduced into the side-chain. 

Chloro- and bromo-toluenes are produced by allowing the appropriate 
halogen to react with toluene at ordinary or elevated temperatures or in 
sunlight in the presence of catalysts such as ferric or aluminium halides: 


r ch 3 (i) 

CjHjCHj + Cl 2 (Br 2 ) —> C 6 H A + HCl(Br). 

0 l Cl(Br) (2 or 4) 


In this case a mixture of ortho- and /wm-halogeno-toluenes is the main 
product. These substances are also obtained when chlorine or bromine is 
dissolved in toluene at ordinary temperatures; when light is excluded a 
halogen atom is slowly introduced into the nucleus in the o- and ^-positions 

to the methyl group. 

When bromine is allowed to react with toluene at 50° in the dark in the 
absence of metal halides, substitution takes place in both the nucleus and 
the side-chain and besides bromotoluene. benzyl bromide ( phenylbromome/hane) 
C G H 5 CH 2 Br, is formed. The relative quantity of this compound is influenced 
by the concentration of the halogen in the reaction mixture. Increase in 
temperature and excess of toluene favour substitution in the side chain; at 
ioo° benzyl halide is produced quantitavively. 

On irradiation, substitution takes place almost exclusively in the side chain 

even at room temperatures; this is the case only in the absence of iron 

or aluminium halide. If these catalysts are present, substitution takes place 
exclusively in the nucleus both on irradiation and at higher temperatures. 


TABLE 42 


SOME PHYSICAL CONSTANTS OF MONO-HALOGENO-DERIVATIVES OF TOLUENE 


Name 

Formula 

Boiling 

point 

°C 

Melting 

point 

°C 

Specific 

gravity 

d«° 

Refractive 

index 

... 20 
n D 

o-Chloro toluene 

C 6 H 4 (CH 3 )C1 

159.5 

36.2 

1.0817 

1.5238 

m- „ 

C 6 H 4 (CH 3 )C1 

161.6 

—47.8 

1.0725 

1.5214 

p- 

1 3 

C 6 H 4 (CH 3 )C1 

162 

+ 6.2 

1.0697 

1.5199 

o-Bromotoluene 

w- „ 

p- » 

Benzyl chloride 

Benzyl bromide 

Benzyl iodide 

1 4 

C 6 H 4 (CH 3 ) (1) Br (2) 
C 6 H 4 (CH 3 ) (1) Br (3) 
C 6 H 4 (CH 3 ) (1) Br (4) 
C 6 H 5 CH 2 C1 
C 6 H 5 CH 2 Br 

c 6 h s ch 2 i 

181.7 

183.7 

185.2 

179.3 

198 

93/10 mm. 

—25.9 
—39.8 
+ 26.6 
—39.0 
3.9 
+ 24 

1.4173* 5 

1.4099 

1.3898 

1.1138“ 

1.43805* 

1.7335i* 

1.5460 40 
1.5 4 4 8 40 

1.5415* 5 
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Properties of the halogenotoluenes. These substances have a faint, not 
unpleasant odour. Some of the physical constants for the three isomeric 
chloro- and bromotoluenes are given in Table 42. The halogen atom in 
these compounds is bound as firmly as in the halogenobenzenes. On oxidation 
they arc converted into halogenobenzoic acids (261): 

r CH, fCOOH 

r m _vC.H.l c h loroben zoic acid. 

• *lci l Cl 

Properties of the benzyl halides. These are colourless liquids, which may 
be recognised by their powerful, irritating, lachrymatory odour. The halogen 
atom in benzyl halides is as readily reactive as that in alkyl halides (40). 
The benzyl halides give benzoic acid (260) on oxidation: 

C 8 H 6 CH 2 C1 —>■ c,h 5 cooh. 

Di-halogeno-substitulion products of toluene. Of these only the side-chain 
substituted compounds will be specially mentioned. Phenyldichloro- and 
phenyldibromo-methane (benzal chloride and bromide), C 6 H 5 CHC1 2 and 
C 6 H 5 CHBr 2 , are produced by allowing chlorine or bromine to react with 
boiling toluene for a longer time. In this case, trisubstitution products such 
as C 6 H 5 CC1 3 (benzotrichloride) and C 6 H 5 CBr 3 are also obtained. 


(Hi) NITROCOMPOUNDS OF BENZENE AND ITS HOMOLOGUES 

222. Mono-nitro-compounds are obtained by allowing an excess of concen¬ 
trated nitric acid or a mixture of concentrated nitric acid and concentrated 
sulphuric acid to react with benzene or one of its homologues: 

c 0 h 6 + hno 3 —> c,h»no, + h.o . 

nitrobenzene 

During the nitration, water is produced, which dilutes the nitric acid. If 
nitric acid alone is used, an excess must be employed, since nitration no 
longer takes place once the water content reaches a certain value. When 
a mixture of strong nitric acid and strong sulphuric acid is employed, rather 
more than the theoretical amount of nitric acid suffices. In some cases fuming 
nitric acid (d = 1.52) is used. 

The nitration of aromatic hydrocarbons is an exothermic reaction; it is 
not reversible. When nitrobenzene is heated with water at 200° it remains 
unaltered. 

Properties. None of the hydrogen atoms in aromatic nitro-compounds 
can be replaced by metals, as is the case with primary and secondary 
aliphatic nitro-compounds (50), because the nitro-group is here attached 



NITRO-COM POUNDS 


353 


§ 221-223 


to a tertiary carbon atom, i.e. no hydrogen is present on the carbon atom 
carrying the nitro-group. The mono-nitro-compounds can be distilled without 
decomposition; the nitro-group is bound very firmly. Amines (236) are 
produced by the reduction of nitro-compounds. 

Nitrobenzene is a pale yellow coloured liquid with an odour of bitter 
almonds; it is poisonous, especially in the form of vapour. Its physical 
constants are given in Table 43 on page 354 - It is used in industry on a 
large scale as the starting product for the preparation of aniline (236). 

Dinitro-compounds of benzene are produced by nitrating nitrobenzene 
with a mixture of fuming nitric acid and concentrated sulphuric acid. 1 he 
main product is mete-di nitrobenzene (m.p. 90°) with a little ortho -dinitro¬ 
benzene and a very small quantity of the /wira-isomer: 


C.HjNO, + HN0 3 —► C t H 1 (NO s ) J + H,0. 

Properties. While the nitro-group is very firmly bound in mononitro¬ 
compounds, it is much less so in dinitro-compounds, if the nitro-groups are 
in the ortho- or />ara-positions to one another. Thus one of the nitro-groups 
in o- or ^-dinitrobenzene can be replaced by OCH 3 or OC 2 H s by the action 
of sodium methylate or ethylate: 


NO, ( 1 ) 


I NO, 

(no. 


(2 or 4 ) 


+ NaOCHj 


«H 4 | 


OCH, ( 1 ) 


+ NaNO, . 


NO, (2 or 4 ) 


o -Nitraniline (240) is produced from 0-dinitrobenzene by heating with 
alcoholic ammonia: 


«h 4 { 


NO, (i) 
NO, ( 2 ) 


+ HNHj 


8 h 4 | 


NH, ( 1 ) 
NO, ( 2 ) 


+ HNO, . 


wz-Dinitrobenzene is reduced to m-phenylenediamine (238) which is used 
in the preparation of dyestuffs; for this reason w-dinitrobenzene is also 

of great commercial importance. 

223. Trinitro-compounds of benzene. Symmetrical trinitrobenzene- 1 , 3 , 5 , m.p. 
221°, is produced by heating w-dinitrobenzene with amixtureof nitric acid and 
oleum to 140°. It is not possible to introduce more than three nitro-groups 
into benzene by direct nitration. It is remarkable that in symmetrical tri- 
nitrobenzene, in which all the nitro-groups are situated in the meta position 
to one another, one of the groups is very readily replaced by OCH 3 , yet 

this is not the case in w-dinitrobenzene. h no. 

The polynitrobenzenes can be oxidised. With wt-dinitro- 0aN< A\ 0H 
benzene the oxidation proceeds incompletely to 2,6-dinitro- “ \===/^ 
phenol, but trinitrobenzene can be easily oxidised to Picric acid 

nitrophenol or picric acid (235). 
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, 3 4 yTetranitrobenzene is obtained by the action of NO and NO on a solution 
Of i, 3 ( 5 -trinitro- 4 -aminobenzene ( picramide . 225) in strong nitric acid. It must be 
supposed that the picramide is diazotised (245) with the formation of tnmtrobenzene- 
diazonium nitrite, which breaks down into nitrogen and tetranitrobenzene (Holleman) . 


[(NO,)jC t Hj(NH 2 )]NO, + HNO, 


(NO a ) 3 C,H a —N 

N 


N0 2 + 2H 2 0 —> (NOj) 4 C e H t + N r 


picramide nitrite 


trinitrobenzenediazonium nitrite tetranitrobenzene 


Tetranitrobenzene melts at 130 “. This substance can be made to explode violently 
by means of a priming explosive. 

Nitrotoluene. The nitration of toluene with a mixture of concentrated 
nitric acid and sulphuric acid takes place more readily than the nitration 
of benzene; the velocity of nitration is increased by the presence of an alkyl 
group in the benzene nucleus. At o°, 5^-8 % of ortho-, 36-8 % of para- and 
4.4 % of wif/a-nitrotoluene are produced. In other cases, where the o- and 
the />-isomers are formed together, as a rule, more of the p- than of the 
o-compound is produced. 


TABLE 43 


SOME PHYSICAL CONSTANTS OF NITROBENZENE AND THE NITROTOLUENES 


Name 

Formula 

B.p. 

°c 

M.p. 

°C 

Spec. grav. 

d5° 

Refractive 
index nf) 

Nitrobenzene 1 

o-Nitrotoluene 

c,H 6 NO, 

c,h 4 (CH 3 )no 2 
*1 2 

209.2 

220 

+ 5.70 
— 3.2 

1.2032 

1.1622 

1.5530 

1.5463 

w-Nitrotoluene 

C 6 H 4 (CH,)N0 2 

1 3 

232.6 

+ 16 

1.1600 

1.5470 

/j-Nitrotoluene 

C 8 H 4 (CH 3 )NO, 

1 4 

237.7 

+ 51.6 

1.0817 dj 00 


o-Dinitrobenzene 

C 6 H 4 (NO,)NO a 

1 2 

319 

117 

1.3119 dj 20 


>»i-Din it ro benzene 

C 8 H 4 (N0 2 )N0 2 

1 3 

302 

89.8 

1.3349 dj*® 


p-Dinitro benzene 

C 8 H 4 (N0 2 )N0 2 

1 1 4 

299 

172 




Polynitro-compounds of toluene and xylene. On further nitration of toluene, 2 , 4 , 6 - 
trinitrotoluene is produced; this substance is known technically under the name of 
trotyl, and is used on a large scale as an explosive. 


CH,), 

Trinitro-/«rr/.-butyltoluene and trinitro-/rr.-butyl-m-xylene 



0,N 

H S C 


CH, 

s 


0 


NO, 

^C(CH,), 
NO, 


possess a very intense odour of musk; the former compound is used in perfumery as 
artificial musk. 

Natural musk is derived from the male musk-deer and contains muscone (293) to 
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which it owes its odour. This compound has not the slightest similarity in composition 
to artificial musk. Musk-ambrette, C 6 II(CH 3 ) (OCH 3 )[C(CH 3 ) 3 ] (NOj),, m.p. 85 °, also 
has a musk-like odour. 

The mono- and di-nitrotoluenes are of importance technically as the starting 
materials for the preparation of the corresponding amines. 

Aromatic compounds containing phosphorus and arsenic, analogous to nitro-com- 
pounds in composition, are also known. 

Phosphobenzene. C 6 H 6 P0 2 . cannot be obtained by the action of metaphosphonc 
acid on benzene. It is produced by allowing phcnylphosplionic acid to react with 

its chloride: 


C 6 H 5 PO(OH) 2 + C 6 H 6 POCl 2 —2C 6 H 5 P0 2 + 2 HCI. 


Arsobenzenc C 6 H 5 As0 2 , (phenylarsonic anhydride) is produced by heating phenyl- 
arsonic acid, when a molecule of water is split oil. 


224. The mechanism of aromatic substitution. 

The course of the substitution of a hydrogen atom by a halogen atom can 
be represented as follows: 

1st The halogen molecule is polarised, i.e. one of the halogen atoms 
acquires a positive charge and the other a negative charge. 

C1—Cl—>■ : Cl : Cl: 

• • • • 

(—) (+) 


2nd The positively charged halogen atom forms a covalent bond with 
a carbon atom in the benzene ring; for this to happen it is necessary for 
this carbon atom to have a free pair of electrons for disposal. This comes 
about by the polarisation of the benzene ring under the influence of the 
positive halogen particle, whereby two ^-electrons become available from 
the reacting carbon atom. By this means a positively charged carbomum 

ion is produced: 


HC 


H 

I 

C 


CH 


HC CH 

^C 


H 


+ Cl 




carbonium ion 


The fission of the halogen molecule into positive and negative 10ns is facilitat¬ 
ed by the presence of metal chlorides such as FeCl 3 , A1C1 3 and SbCl 6 , since 
these substances readily form complex compounds; a negative complex ion 
[FeClJ" may be produced from a negatively charged chlorine ion Cl an 
FeCl 3 . The first step in the substitution may therefore be represented as 

follows: 



356 


AROMATIC COMPOUNDS 


CH. 9 


H 

C 


HC 

HC 


CH 


+ Cl. + FcCl; 


C H 




H 


— H 

• 


1 

h< 5 ^ V ch 

+ 


II l/H 

HC C 


FeCl 4 

!_ H 


_ 


The carbonium ion then loses a proton and the complex salt breaks down 


HC 


H 

I 

C 


I 


HC 


CH 

1 / 

C 


HC 


H 

I 

C 




H 

Cl 


Ft* Cl* 


HC 


CH 

II 

CC1 


+ H+ + ci- + FeClj 


H 


J L 


J 


c 

I 

H 


According to this theory the catalytic action of the above mentioned chlor¬ 
ides in halogenations, is connected with the tendency of these substances to 
form complexes (Pfeiffer and Wizinger; Price). The hydrogen atom to eb 
substituted is repelled as a cation (proton); it must therefore be replaced by 
another cation. Thus in this case an entering positive halogen ion finds a 
carbon atom on which the pair of electrons necessary to form the bond 
is already present. This type of substitution is known as electrophilic substi¬ 
tution (Ingold) or cationoid substitution (Robinson). 

In nitration we have another example of electrophilic substitution. Nitrat¬ 
ing acid (a mixture of nitric acid and sulphuric acid) shows neither the ultra¬ 
violet spectrum of the NO a ion nor that of the HNO s molecule. The very 
low vapour pressure of a solution of nitric acid in anhydrous sulphuric acid 
shows that in such a solution the nitric acid is not present as such. In the 
Raman spectrum there occurs a frequency of 1400 -1 cm., which is ascribed 
to the nitroniiim ion, N 0 2 + . From measurements on the lowering of the 
freezing point, it appears that in solutions of nitric acid in sulphuric acid, 
four new species of molecules are produced from each molecule of nitric 
acid, thus: 

(NOj)OH + 2H 2 SO* ^ NO,+ + (OH,)* + 2 HSO*-. 

When nitrating acid is electrolysed, the concentration of nitric acid increases 
at the cathode, which indicates that the NO z + ion (which is determined as 
nitric acid in the analysis) migrates towards the cathode. 

According to the equation given above, the formation of N 0 2 + is revers¬ 
ible and is favoured by an excess of sulphuric acid. 

A mixture of acids containing a certain quantity of water cannot bring 
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about the nitration of benzene; such a mixture fails to show the Raman 
frequency of the nitronium ion. It may be concluded therefore that the 
nitronium ion is the principal nitrating agent: 



H 

I 

C 


CH 

i 

CH 





H 



CH 





4- H+; + N'O./ 



H 

I 


1 

A ^ 

lie 

CH 

II 

HC 

e —no 


H 


The benzene molecule repels a proton and is thereby converted into a nega¬ 
tive ion, which combines with N 0 2 + . An HSO ,-ion which is present, serves as a 
proton acceptor with the formation of sulphuric acid: 

C 6 H 8 + NO,+ 4- HS0 4 -—> C 0 H 5 NO 2 4- H+ + HSO,-. 

HjSO, 


According to the empirical equation for nitration, water is split off in 
the process: 

C 0 H 6 4- UNO ,—> C 6 H 6 NOj 4 - H z O . 


In nitration with a mixture of sulphuric and nitric acids, this splitting 
off of water occurs before the molecule, to be nitrated, enters into reaction. 

It should be mentioned, that not every nitration of an aromatic compound 
takes place according to this scheme. Phenol, for example, is nitrated even 
by dilute nitric acid, in which no N 0 2 + -ions are present; in this case, it is 
assumed that the nitric acid molecules act as the nitrating agent. 


225. Halogeno-nitro-compounds of benzene. Nitration of chlorobenzene at 
ordinary temperatures affords 70 % of para- and 30 % of ortho- nitro- 

chlorobenzene c 6 h 4 { NO * (l) . A mixture of o- and />-nitrohalogenobenzenes, 

l C1 U.2) . . 

in which the />tfra-compound predominates, is also obtained on nitrating 
fluoro-, bromo- or iodo-benzene. On the other hand, m-chloro- and ?»-bromo- 
nitrobenzene are the main products obtained in the chlorination and 
bromination of nitrobenzene. This may be carried out by passing chlorine, 
for example, into a mixture of nitrobenzene and antimony chloride at an 
elevated temperature, the antimony chloride acting as a chlorine carrier. 

Properties. The halogen atom in o- and ^-halogenonitrobenzenes is quite 
reactive; it is replaced by OCH 3 or by NH 2 by heating with an alcoholic 
solution of sodium methylate or ammonia, respectively. The halogen atom 
in ra-halogenonitrobenzenes is as unreactive as that in the mono-halogeno- 
benzenes (220). 
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The reactivity of the halogen atom is still greater in those halogeno- 
nitrobenzenes in which there are two or three nitro-groups in o- and^-posi- 
tions to the halogen atom, e.g. in i-chloro-2,4,6-trinitrobenzene or picryl 
chloride, C 6 H 2 C 1 (N 0 2 ) (N 0 2 ) (NO a ). The halogen atom m this compound 

I 2 4 6 

can be displaced very easily. This substance behaves like the chloride of a 
carboxylic acid; with hot water it is decomposed into hydrochloric acid 
and picric acid , C 6 H 2 (N 0 2 ) 3 0 H (235), while with ammonia it gives picramide, 

C 6 H 2 (N 0 2 ) 3 NH, 2 . 4.6 I . . , 4 

It is seen from these examples, that the reactivity of atoms or groups of 
atoms substituted in the benzene nucleus, can be very strongly influenced 
by other groups in the benzene ring, both the character of these groups and 
the position they occupy with respect to one another having an effect 
(see 272). 

The nitro-groups in the halogenonitrobenzenes can be replaced by chlorine 
by heating with thionyl chloride, SOCl 2 . 

Measurement of the dipole moments of disubstitution products of benzene has led 
to results of considerable interest. Chlorobenzene has a dipole moment of p = i«55 

x io' 18 ; this may be considered as the moment of the dipole between the phenyl 
residue and the chlorine atom. Since this atom is negatively charged with respect to 
the phenyl residue, the negative pole of the dipole is diverted from the phenyl residue- 
This is indicated by giving the dipole moment a negative sign. 

When two chlorine atoms are substituted in the benzene molecule, the simplest 
assumption is, that the total dipole moment can be calculated by vector-addition 
of the dipole moments of the chlorine atoms- 



From the above figures it follows, that 

for the ^ara-isomer the total moment = p-p = 0 . 

„ „ ortho- „ „ „ „ = \/p 2 + p 2 + 2 p* cos 6 o° = p V 3 - 

„ „ meta- „ „ „ „ = Vp 2 + p a + 2 p 2 cos 120 ° = p. 

In these formulae p is the dipole moment of chlorobenzene. In the same way dipole 
moments may be calculated of molecules of disubstituted derivatives of benzene with 
dissimilar substituents, in which case the sign (+ or—) must be taken into account. 
In this case the para-compound has a final moment. 



§ 225-226 NITRO-GROUP IN SIDE-CHAIN 

Some experimentally found and calculated values for various substitution 
of benzene are collected in Table 44 . 
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products 


TABLE 44 


DIPOLE MOMENTS OF SOME BENZENE DERIVATIVES 



Dipole moments x 10 18 


observed 

calculated 


1 . 2 - Dichlorobenzcne 

1.3- 

1.4- 

Nitrobenzene 

1.2- Dinitrobenzene 

1.3- 

1.4- 

l-Nitro-2-chlorobcn zene 

l-Nitro-3-chloroben zene 

1 -Nit ro-4-chloroben zene 

The agreement between observation and calculation is satisfactory, in general, 
for meta- and />ara-derivatives. and this may be considered as confirming the hexagonal 
formula for benzene derived from chemical data. With oW/m-derivatives the deviations 
are greater than the errors of observation; these deviations indicate an interaction 

between two neighbouring substituents. 

Nitro-compounds with the nitro-gronp in the side-chain. 

226. Phenylnitromethane, C 6 H 6 CH 2 N 0 2 , is prepared by the action of silver 
nitrite on benzyl chloride or iodide: 

C 6 H 5 CH 8 C 1 4- AgNO ,—> CjHjCHjNOj + AgCl . 

On reduction it forms benzylamine (239), which can also be obtained from 
benzyl chloride and ammonia; from this it follows that the nitrogen atom in 
phenylnitromethane is attached to the carbon atom in the side-chain. 

Properties. Phenylnitromethane is one of the oldest known examples of 
a compound which can exist in two tautomeric forms (Holleman ; Hantzsch 
1896) ; the stable form is liquid and gives no coloration with an aqueous 
solution of ferric chloride. Like nitromethane, (50), phenylnitromethane 
gives a sodium derivative having the composition C 6 H 5 CHNa(N 0 2 ), with 
sodium alcoholate. When an equivalent quantity of mineral acid is added 
to an aqueous solution of this sodium derivative, a crystalline modification 
of phenylnitromethane separates; this form gives a colour reaction with an 
aqueous solution of ferric chloride. At ordinary temperature the crystalline 
form passes slowly into the liquid form and is therefore metastable. At ow 
temperatures the metastable form reacts violently with phenyl isocyanate, 


2.27 

1.52 

0 

3.8 

6.02 


—3.75 
—0.3 
about —4 
—3.3 
—2.45 


2.7 

1.6 

0 

0.5 

3.80 

0 

-4.8 
-3.3 
.9 9 
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C 6 H-NCO (compare 155). which points to the presence of a hydroxyl group. 
Therefore since it also gives a sodium derivative, and has acid properties, 
the structure given below, designated as the aci-form, is attributed to this 

modification: 


C #H 6 —C = N 
H 




o 




o 


C.HjCHj N 


OH 


aci-form 




nitro-form. 


O 


The conversion of the aci-form into the nitro-form has been more closely 

studied with m-nitrophenylnitromethane, Cc H « j NQ ^ (3 p The stable form 

of this compound is colourless, while the sodium salt is coloured deep yellow. 
When an equivalent of hydrochloric acid is added to an aqueous solution 
of the sodium derivative, the yellow colour slowly disappears and at the 
same time the electrical conductivity of the liquid decreases. From this it 
follows that the aci-form, which shows conductivity in aqueous solution, 
is responsible for the yellow colour of the solution and that the stable nitro- 
form has no acid properties. 

By analogy with the above, it is assumed that the alkali compounds of 
primary and secondary aliphatic nitro-compounds (50) are derived from 
an aci-form: 


RR'CHN 


S' 


O 


O 




nitro-form 


R R'C = N 


aci-form 


O — 


OH - 


RR'C = N 




O— 


- + 
Na . 


O- 


sodium salt 


Substances, which are first converted into aci-forms in the formation 
of metal compounds, are called pseudo-acids (compare 235 and 275). 


(iv) SULPHONIC ACIDS OF BENZENE AND ITS HOMOLOGUES 

227. Nlono-sulphonic acids of benzene and its homologues are produced by 
the action of concentrated sulphuric acid or weak fuming sulphuric acid on 
aromatic hydrocarbons. 

If this reaction is carried out at ordinary temperature, a large excess of sulphuric 
acid is necessary since it is diluted by the water formed in the reaction; a concentration 
of more than 65 % sulphuric acid is necessary for sulphonation to take place. However, 
if benzene vapour is passed through sulphuric acid heated to 170 — 180 °, the water 
formed is evaporated off from the reaction mixture so that practically the whole of 
the sulphuric acid can be converted into benzenesulphonic acid. The barium and calcium 
salts of benzenesulphonic acid are readily soluble in water, so that aromatic sulphonic 
acids can be separated from sulphuric acid by means of these salts (cf. ethylsulphuric 
acid 40 ). 
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§ 226-227 SULPIIONIC ACIDS 361 

Properties. The sulphonic acids arc colourless, crystalline compounds, 
which are readily soluble in water and frequently hygroscopic. They arc 
split up into sulphuric acid and the corresponding aromatic hydrocarbons 
by heating with water under pressure. Hence sulphonation is a reversible 

process: 


C.H.SO,H + HOH 


C - II 


II .SO 


Use is made of this reaction to separate aromatic hydrocarbons from mixtures 
with alkanes; the former are converted by warming with concentrated sulphuric acid 
into sulphonic acids, which are soluble in water, while the alkanes remain unaltered. 


The salts of the sulphonic acids usually crystallise well and arc used in 
order to obtain the acids in a state of purity. On treating the alkali salts 
with phosphorus pentachloride they are converted into sulphonyl chlorides, 
which are also produced directly by the action of chlorsulphonic acid on 
aromatic hydrocarbons. Benzenesulphonyl chloride, m.p. 14.5 . is produced 

from benzene: 


c 0 h 6 + hoso 2 ci —► c 6 h 5 so 2 ci + h 8 o . 


The sulphonyl chlorides have a very unpleasant smell. They are only 
slowly converted into sulphonic acids by cold water. 

Sulphonamides are produced from the chlorides by treating them with 

concentrated aqueous ammonia: 

C«H 5 S0 2 C1 + Nil,—>- C 6 H 6 S0 2 NH 2 + HC1 . 


They are well-defined crystalline compounds, which may be used for identify¬ 
ing aromatic hydrocarbons. On account of the acid character of the C 6 H 5 S 0 2 - 
group, the hydrogen atoms in the NH 2 -group are replacable by metals. The 

sulphonamides are soluble in alkalis and ammonia. 

Reduction of sulphonic acids produces thiophenols, e.g. C 6 H 6 SH, which 
can be reconverted into sulphonic acids by oxidation (with nitric acid). 
The sulpho-group —S 0 3 H. can be replaced by cyano- and hydroxyl groups 

(260, 229). 

Tohtenesulphonic acids. On sulphonating toluene, o- and ^-toluenesul- 
phonic acids are produced as the main reaction products with only a few 
percent, of the m-isomer. When dissolved in an excess of sulphuric acid and 
warmed to ioo°, the 0- and ^-compounds are slowly converted one into 
the other. This is another example showing that the sulpho-group is not very 

firmly attached to the benzene nucleus. 

Substituted benzenesulphonic acids. When chloro- or bromo-benzene is 
treated with oleum, practically the sole product is the p -halogenobenzene 
sulphonic acid, which has similar properties to benzenesulphonic acid. The 
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main product from the sulphonation of nitrobenzene is m -nitrobenzene- 
sulphonic acid. This compound is produced also as the mam product along 
with small amounts of the ortho - and £«ra-compounds, by nitrating ben- 

zenesulphonic acid. 

Disulphonic acids. On sulphonating benzene or its homologues with 
fuming sulphuric acid at 200-245°. the main product is the m-d,sulphonic 
acid On heating with sulphuric acid for a long time at 209 , it is converted 
into the ^-disulphonic acid, which itself can be converted partially into the 
w-isomer under the same conditions. The o-isomer is not formed in this way. 

Tris,aphonic acids of benzene and its homologues are produced along 
with the disulphonic acids. The formation of trisulphonic acids is facilitated 
by the addition of silver sulphate. No one has yet succeeded in introducing 
more than three sulpho-groups into the benzene nucleus by direct sulphon- 

at ion. 


(i;) SUBSTITUTION OF A GROUP CONTAINING MERCURY IN THE BENZENE 

NUCLEUS 

When benzene is heated to no° with mercuric acetate, phcnylmercuri-acetate, C 0 H 5 - 
HgOCOCH 3 , the acetate of the base C 6 H 5 HgOH, phenylmercuri-hydroxide, is formed. 
I Iomologues of benzene and their derivatives, e.g. nitrobenzene, give similar compounds 
(Dimroth). Or/Ao-nitrophcnylmercuri-acetate is the main product from nitrobenzene 
and mercuric acetate. On treatment with a solution of sodium chloride, phenylmercuri- 
acetate is converted into phenylmcrcuri-chloride, C a H s HgCl, which is insoluble in 
water. When this substance is shaken with bromine, bromobenzene is formed along 
with mercuric chloride and bromide. 


(vi) PHENYLMETAL COMPOUNDS 

228. Phenylsodium is formed by the action of sodium on chlorobenzene in an 
inert solvent at about 40° and in an atmosphere of nitrogen. 

When a stream of carbon dioxide is passed into a solution of phenylsodium, 
sodiumbenzoate is produced. By the action of phenylsodium on benzonitrile, 
the sodium derivative of a ketimide is produced from which benzophenone 
(259) is formed on hydrolysis (cf. the similar reaction with alkyl magnesium 
halides 59): 

C 0 H 5 Na + C a H 5 CEEN —>■ C 8 H 5 —C—C 6 H 5 —> C,H s COC,H 5 + NH, + NaOH. 

NNa * benzophenone 

Phenyllithium is obtained by the action of lithium on an ethereal solution 
of bromobenzene: 

C a H 6 Br + 2 Li —> C 8 H 6 Li + LiBr . 

Phenyllithium can be used for various syntheses. 

Diphenylmercury (C 0 H 6 ) a Hg, a stable, crystalline compound, is produced 
by the action of sodium amalgam on bromobenzene. 



§ 227-229 


MON’OH YDRIC PHENOLS 


3^3 

(vii) PHENOLS AND THEIR DERIVATIVES 
(a) Mono- and poly-hydric phenols 

229. Phenols arc compounds derived from aromatic hydrocarbons by 
replacing one or more nuclear hydrogen atoms by hydroxyl groups; they 
are usually discussed under the headings of mono-, di- and poly-hydric 

phenols. 

Monohydric phenols. The alkali compounds of phenol and its homologues 
are produced by fusing a salt of a sulphonic acid with alkali: 

C 0 H 5 SO 3 K -f 2 KOH —> C 6 1I s OK + k 2 so 3 • IDO . 

Phenols are also produced by the action of nitrous acid on primary 
aromatic amines (236). This method of formation is similar to that of alkanols 
from primary aliphatic amines (48), whereby the alkanols are produced 
directly. In the formation of phenols important intermediate products, 
namely the diazonium compounds (245), can be isolated. 

Properties. The alcohol function of the alkanols is again feund in the 
phenols. They can form ethers, for example, by allowing an alkyl halide to 
react with the sodium derivative of the phenol: 

CjHjONa + C,H 5 I->C 6 H 5 OC 2 H 5 + Nal . 

They form esters; an acetate is produced with acetyl chloride. 

C.HjOH + CHjCOCl — > C ( HjCOOC CII 3 + HC1 . 

phenyl acetate 

On treatment with phosphorus pentachloride the hydroxyl group is 
replaced by chlorine; this reaction takes place less readily than in the 
aliphatic series. In the vapour phase at about 770°, phenol is reduced by 

hydrogen to benzene. 

Phenols cannot be oxidised to aldehydes or ketones with the same number 
of carbon atoms, since the carbon atom to which the hydroxyl group is 
attached carries no hydrogen atoms. In this respect the phenols are com¬ 
parable with tertiary alcohols. 

Phenols have a weakly acid character; aqueous solutions show a very small 
electrical conductivity. They easily form phenolates with alkalis. Aliphatic 
alcohols do not possess this property to the same degree; they givealcoho - 
ates only on treatment with alkali metals. The weakly acid properties o 
the phenols must be attributed to the effect of the phenyl group. This is 
expressed by saying that phenyl has a stronger negative character than alkyl. 
Phenolates may be regarded as salts of very weak acids, they are decom¬ 
posed by carbonic acid. If the structural formula of ICekule is ascribed 
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to benzene, the hydroxyl group in phenols is attached to a carbon atom carry- 

in- a double bond. It has been seen in 149 that the end forms of ethyl aceto- 
acetate and acetylacetone are soluble in aqueous alkali with the formation 
of an enolate. Hence in this case also a hydroxyl group attached to a doubly 

bound carbon atom has weakly acid properties. . .... 

In aqueous solution phenols give a violet coloration with feme chloride 
due to the formation of complex ferric compounds. This reaction has already 
been noted also with the end-forms of esters of 2-keto-acids and 1,3-diones. 

In phenol the hydrogen atoms in the nucleus can be much more easily 
substituted than in benzene. In aqueous solution, phenol gives directly a 
precipitate of tribromophenol with bromine water. This reaction is used for 
the quantitative determination of phenol. Phenol is easily converted into 
nitrophenol by treatment with dilute nitric acid, while concentrated nitric 
acid is necessary for the nitration of benzene. Phenols are also much more 
easily oxidised than aromatic hydrocarbons. The marked effect of the hy¬ 
droxyl group on the reactivity of hydrogen atoms in the benzene nucleus is 

clearly apparent from these examples. 

Phenol was isolated byRuNGEin 1834 from coal-tar and called 
(derived from carbo = coal and oleum = oil). Phenol crystallises in colourless 
needles, melts at 40.8° and boils at 181 0 . It has a characteristic odour and 
possesses powerful antiseptic properties; it is used as a disinfectant. It is 
soluble in water (15 parts at 16 0 ), and conversely, water is slightly soluble 
in molten phenol; on account of the low molecular weight and the high 
molecular freezing point depression of phenol, viz. 75, a mixture of phenol 
with 5-6 % of water is liquid even at room temperature. 


Phenol occurs with some of its liomologues (cresols) in coal-tar; when the latter is 
fractionally distilled, they pass over in the carbolic and creosote oil, from which they 
are separated by extracting the appropriate fractions with caustic alkali; the phenols 
pass into solution and are recovered by passing in carbon dioxide. Finally, pure phenol 
is obtained by fractional distillation. 

It is also prepared synthetically on a large scale for the chemical industry. In the 
earliest process, the starting material was the sodium salt of benzenesulphonic acid, 
which is converted by fusion with caustic soda into sodium phenolate, from which 
phenol is obtained by treatment with cartxm dioxide. 

According to a more recent method, which is widely used, the starting material is 
chlorobenzene, which is heated under a pressure of about 300 atm. to 370-380°, with 
dilute alkali to which copper salts have been added as catalysts. In this process, 
diphenyl ether (231) is produced as a by-product. 

Phenol is used, for example, for the preparation of salicylic acid (263), picric acid, 
(235), various dyestuffs and artifical or synthetic resins. 

By heating phenol with formalin (62) in weakly alkaline media, amorphous conden¬ 
sation products of high molecular weight arc produced, which form the basis of 
synthetic resins and are known under the collective name of phcnoplasts (Baekeland). 
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The initial products in this process arc phenol-alcohols fornud by addition of for¬ 
maldehyde and phenol, the hydrogen atoms in the o- and />-positions taking part in 

the reaction : 


OH 



+ CH,0 



OH 


CHjO 


OH 

OH 

/^•CILOH 

and 

XA 

A 

XA 

| CH.O '' f ,/ 

CHjOH 

1 

OH '' 

OH 

/\cH,OH 

' S * c 1 1 2 


/ V 

C H a O 

CILOH 


CH 2 OH 

These phenol-alcohols undergo condensation reactions by which water is eliminated 
either between the CH.OH-group and a hydrogen atom in an o- or /.-position in the 
benzene nucleus, so that two benzene rings are connected by a CH 2 -group, or by ether 
formation between two CH 2 OH-groups. with the formation of an ether bridge: 

OH OH H 


CH. 



HoA X 


CH 


CH 



— CH*— 


w 

C 


-C 

H 


structural scheme for resols. 

Thus is this Way there are produced by poly-condensation, macromolecules having a 

highly branched, net-like structure. The formation of a net-work structure depends 

on the presence in each molecule of phenol-alcohol of three groups, which can un e ^ 8 ° 

a condensation reaction, viz. the CH 2 OH-groups and/or the hydrogen atoms in 

o- or /.-positions. This should be compared with the formation of linear macromolecules 

by polymerisation of ethene derivatives discussed in 103 , where 

possible, since only two reactive positions occur in molecules represented by XCti— 0*1 y 

namely, at the doubly bound carbon atoms. _ , . 

The artificial resins (resols) just described are fusible and soluble in organic solven . 
They are used for the manufacture of moulding powders. On heating, these resols are 
converted into a hard infusible material (resite). Chemical changes take piace in^th 

process, e.g. formaldehyde is split off whereby ether bridges 2 initiallv 

converted into — CH 2 —. The working of resols in hot presses, by which the mitmlly 

thick, liquid material is converted during pressing to a hard m usi e pro uc 
on these changes. 
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Hydroxytoluenes CII 3 C 8 H 4 OH, are called cresols, 
and p-hydroxytoluenes: 



CH. 9 

there being three isomers. 



o-hydroxytoluene 


m-hydroxy toluene 


/>-hydroxytoluene. 


The mixture of isomeric cresols isolated from coal-tar consists mainly of the m-com- 
pound This mixture is not easily resolved into its components by distillation, therefore 
the individual cresols are prepared from the corresponding ammo-compounds or 
sulphonic acids. The antiseptic action of the cresols is greater than that of phenol; 
the mixture of crude cresols from tar emulsified with soap is used as a disinfectant 

{lysol). 


On oxidation, cresols are completely destroyed; if however the hydrogen 
of the hydroxyl group is replaced by alkyl or acetyl, they can be oxidised 
like toluene to the corresponding acids. Like phenol, the cresols react with 


bromine water. 

para-Oeso/ C 6 H 4 (CH 3 )OH is produced in the decomposition of proteins 

I 4 

and occurs in urine as the sulphate ester. 

Thymol, hydroxycymene C 6 H 3 (CH 3 ) (OH) [CH(CH 3 )2], m.p. 5 ° » occurs in 

1 3 4 

oil of thyme; it is sparingly soluble in water and is used in medicine as an 
antiseptic. 


231. Ethers of phenol. Purely aromatic ethers like diphenyl ether 
are distinguished from aromatic-aliphatic ethers, e.g. anisole, C 6 H 6 OCH 3 . 
Diphenyl ether is obtained by passing phenol vapour over hot thorium 

oxide (Senderens): 


c 8 h 8 oh + hoc 8 h 5 —► c 8 h 8 oc 8 h 5 + h 2 o . 


This compound can also be prepared by heating bromobenzene and potassium 
phenate with finely divided copper at about 210 ° (Ullmann). 

Mixed ethers are prepared by heating sodium phenate with an alkyl halide 
(or better with dimethyl sulphate): 


C 0 H 8 ONa + ICjHj —>■ C 8 H 6 OC,H 5 + Nal . 

phcnetole 

Properties. Both mixed and aromatic ethers are pleasant smelling, stable 
substances. Diphenyl ether is not split even by heating with hydriodic acid 
at 250°. On heating mixed ethers to a high temperature with halogen hydr- 
acids, phenol and an alkyl halide are formed, e.g .: 

C.H.OH + CH,I . 


C a H 6 OCH, + HI 
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Anisole and phcnetolc are liquids boiling at 155° and 172 0 , respectively; the higher 
boiling point of phenol (181 0 ) is to be ascribed to association in the liquid phase. 
The hydrogen atoms of the nucleus may be substituted in these compounds also. 
The allyl ether of phenol (I) passes over on boiling into the isomeric o -allylphcnol (II); 
this transformation occurs also with allyl ethers of substituted phenols. If the o-posi- 
tion is occupied, the allyl group enters the p-position : 



This reaction is known after its discoverer as the Claisen transformation. Ethers 
in which the allyl group is substituted in the y-position are converted on heating 
into 2 -(a-substituted allyl) phenols, e.g. phenyl cinnamyl ether (III) gives o-(*-phenyl- 

allyl)phenol IV: 



The structure of IV follows for example, from the oxidative degradation of the 
compound by ozone, in which formaldehyde is produced but not benzaldchyde. I he 
carbon atom entering the benzene ring in the Claisen transformation is not the carbon 
atom in the allyl ether attached to oxygen, but is usually the y-carbon atom and 
sometimes the (3-carbon atom. 


232. Higherhydric phenols are more readily soluble in water than phenol; 
they react more easily with oxidising agents than the mono-hydric phenols. 
Many of them may be used as powerful reducing agents when dissolved 

in caustic potash. 

Di-hydric phenols or dihydroxybenzenes. The o- compound, catechol, 

c,h 4 I * \ is prepared by fusing o-phenolsulphonic acid or o-chlorophenol 
1 OH (2) 
with potash: 


f OH (I) 

C,H 4 \ + KOH 

[ SO,H (2) 

o-phenolsulphonic acid 



f OH (1) 

C 6 H 4 \ + k 2 so 3 . 

[OH (2) 

catechol (as potassium salt). 


Catechol melts at 104° and is very readily soluble in water, alcohol and 
ether. It is found as a decomposition product from various vegetable pro¬ 
ducts, including catechin (264) from which it derives its name. A solution 
in water precipitates the metal from a solution of silver nitrate at ordinary 
temperatures; it gives a green coloration with ferric chloride. A character- 
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istic reaction of catechol is the formation of an insoluble lead salt on the 
addition of lead acetate. 

( OCH, (i) 

OH (2)’ W * 1 * C * 1 was obser- 

ved amongst the distillation products of guaiacum resin, occurs in large quantities 
in bccch-tar. It is used in medicine. 

Veratrolc, the dimethyl ether of catechol. C a H 4 (OCH 3 ) 2 , is obtained as a degradation 
product from various natural products. 

Eugenol, C«H 3 (OH)(OCH 3 )CH 2 CH=CH 2 . is the odiferous principle_ of cloves 

(i) (2) (4) 

(Eugenia caryop/nllala); it boils at 252 0 . It serves as the starting product for the prep¬ 
aration of vanillin ( 258 ). On heating with potassium hydroxide solution, eugenol 
is isomerised to isoeugenol, C,H 3 (OH)(OCH 3 )CH=CHCH 3 , the double bond being 
displaced in this reaction. (*) ( 2 ) U) 

Iso eugenol occurs in nutmeg oil as well as in other products. 

Safrole is a derivative of catechol occurring, for example, in the essential oil of 
Sassafras officinale and in oil of camphor. 

Coniferyl alcohol occurs in the form of a glucoside, coniferoside, in the cambium of 
conifers: 

*1 OH 

f|\oCH s 

= C H, CH=CHCH,OH 

safrole coniferyl alcohol. 



f OH (*) 

Resorcinol, m-dihydroxybenzene c 4 h 4 l , is prepared by fusing 

l OH (3) 

potassium benzene-w-disulphonate with potash: 


f SOjK ( 1 ) 

C 4 H 4 \ + 2 KOH —>- c.h 4 

l so 3 k ( 3 ) 


OH ( 1 ) 

+ 2 K|SO s • 

OH ( 3 ) 


Resorcinol melts at 118 0 and is readily soluble in water, alcohol and ether. 
An aqueous solution gives a deep violet colour with ferric chloride; 2,4,6-tri- 
bromoresorcinol is formed with bromine water at ordinary temperatures. 
For a delicate reaction for resorcinol reference should be made to 276. 

f OH (1) 

A homologue of resorcinol, orcinol c 6 h, \ oh ( 3 ) , is a constituent of lichens. 

I ch 3 ( 5 ) 


The colouring matters of litmus and orchil are derivatives of orcinol. 

. . r OH ( 1 ) 

Quinol, hydroqutnone, p-dihydroxybenzene c,h 4 | ^ ^ ^ 


, was first obtained 


by Pelletier and Caventou by the dry distillation of quinic acid (233). 
It is prepared by reducing quinone (233) and is easily reconverted into this 
substance by oxidation.Hydroquinone is a reducing agent, which precipitates 
silver from a solution of silver nitrate at ordinary temperatures; its use as 
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a photographic developer depends on this reducing power. A glucoside of 

quinol, namely, arbutin, £-HOC 6 H 4 OC 5 H 10 O 5 , occurs in some plants (e.g. 

in Arctostaphylus uva ursi or bearberry). 

Of the triliydric phenols or trihydroxybenzenes , two isomers will be discussed. 

on (d . 

Pyrogallol, 1,2,3-trihydroxybenzene, c 0 n 3 011 (2) , was obtained by Scheele 

* 

as early as 1786 by heating gallic acid (263) which, when decarboxylated, 
gives carbon dioxide in the process: 


C 6 H 2 (OH) 3 C ooh 


C 6 Hj(OH) 3 + CO,. 


Pyrogallol is readily soluble in water and melts at 132 0 ; in alkaline solution 
it is a very powerful reducing agent, for example, it readily absorbs oxygen 
from the air (becoming brown in colour) and is therefore used in gas analysis. 
It is also used as a photographic developer. 

Phloroglucinol, 1,3,5-(sy>nm.)-trihydroxybenzene, c 0 h 3 

amongst the decomposition products of various vegetable substances, e.g. 
of a glucoside (179) phlorizin occurring in the bark of apple trees. Phloro¬ 
glucinol can be obtained from aliphatic substances by the following syn¬ 
thesis. By heating malonyl chloride (I) and acetone in equivalent quantities 
with the addition of calcium carbonate as an acid binding agent to take 
up the hydrochloric acid liberated in the reaction, a condensation product 
is produced, which is converted almost quantitatively into phloroglucinol 
(II) on continued heating with water and calcium carbonate: 


OH (i) 

011 (3), is found 

OH ( 5 ) 



yQO Cl 

H CH^ 

yCO- 

CH,^ 

I. 

CH, 

4- CO — 

■> CH, 

CO 


\coci 

h 3 c/ 

\co — 

•CH*/ 


According to this reaction scheme phloroglucinol should have structure II, 
a cyclohexane derivative (287) in which three methene groups (CH.>) are 
replaced by three carbonyl (CO) groups; it should therefore be called cyclo¬ 
hexane-1,3 ,3-trione. Indeed phloroglucinol can react as if it had this struc¬ 
ture; for example, it can react with three molecules of hydroxylamine to 
give a trioxime: 



11. 


hi. 
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Phloroglucinol also has the character of a phenol; with acetyl chloride it 
gives a triacetate and with diazomethane (210) a trimethyl ether. It can 
therefore react in tautomeric forms, namely, as a cyclohexane derivative (II) 
and as a trihydroxybenzene (III). On treating phloroglucinol with potash 
and methyl iodide a hexamethyl-derivative is produced, the hydrogen atoms 
of the methene groups being substituted by CH 3 . This compound is easily 
broken down by alkali in the same way as the 1,3-diones, with the produc¬ 
tion of dimethylmalonic acid and tetramethylacetone : 


o 

c 


o 

c 


H a C 

I 

oc 


CH 


|CH,) S C 


KOH 




j + CH 3 I + KOH —>- 


CO 


C" 

h 2 


OC 
'""C 

I 

(CH,), 

hcxamethylphloroglucinol. 


C(CH 3 ) 2 -(HjCJjC^ 

CO HOOC 


O 

C 


H.C 


C 1 CH,), 


COOH 

CH, 


In the ultraviolet, phloroglucinol shows approximately the same absorption band 
as its trimethyl ether. Phloroglucinol can be recovered from this ether by boiling with 
hydrochloric acid, from which it follows that the methyl groups are attached to oxygen. 
From the agreement in the absorption spectra of phloroglucinol and the trimethyl 
ether it may be concluded that phloroglucinol exists mainly in the enol form III. In 
agreement with this is the fact that the absorption band for phloroglucinol lies at 
approximately the same wave-lengths as that for pyrogallol, where there can be no 
question of tautomerism occurring. 

A much smaller absorption in the ultraviolet would be expected for a cyclohexane- 
trionc (compare the extinct ion curves forcyclohexanoncandcyclohexanedione in Fig. 58 ). 


(b) Quinones 

233. The name quinones refers to compounds derived from aromatic dihy¬ 
droxy-compounds by the loss of the two hydroxylic hydrogen atoms, thus: 

C,H 4 (OH), —>- C # H t O, 
quinol quinone. 

The simplest quinone is />-benzoquinone, which is usually called quinone 
and is produced by the oxidation of quinol. 

Benzoquinonc was first obtained by Woskresenzky in 1838 as an oxidation product 
of quinic acid, a substance occurring in cinchona bark and having a molecule comprising 
a cyclohexane ring substituted by hydroxyl groups and a carboxyl group. The name 
quinone is derived from this source. Q 

Graebe (1867) considered quinones to be compounds of the type 

which explained the connection with quinol and the oxidising action of the 
quinones; at the present time, formula I is preferred, because with hydroxyl- 
amine hydrochloride, first a monoxime II and than a dioxime III is produced. 
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NOH 


NOH 

II 

II 
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HC CH 

HC CH 

HC 

CH 
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II II II 

II 
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HC CH 

H C CH 

HC 

CH 
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II 

II 


II 

O 
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HOH 

quinone 

quinone monoxime 

quinone dioxime 
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n 2 


HC CH 

il iv || 

H C C H 



< vclohexadienc. 


The presence of double bonds in quinone is shown by tlie addition of two 
molecules of bromine to quinone dissolved in chloroform. On oxidising 
quinone with, for example, alkali per- log e 
sulphate, K 2 S 2 0 8> in a solution of sul¬ 
phuric acid containing a little silver 
sulphate, maleic acid and a little fum- 
aric acid are produced. Hence quin¬ 
one does not show the properties of 
a derivative of benzene; it is to be re¬ 
garded as the />-diketone of cyclo- 
hexadiene IV: 


HC 

HC 


O 

II 

c 

I 

c 


CH 

CH 


30. 


HCCOOH 

|| + 2CO. 

HCCOOH 
maleic acid 


O 

quinone 

Benzoquinone is produced by the 
oxidation of many £am-derivatives of 
benzene, including />-aminophenol 
(241), quinol, sulphanilic acid (241), 
/>-phenolsulphonic acid (234), etc. It 
is prepared, however, by oxidising 
aniline (236) with sodium bichromate 
and sulphuric acid. 



Fig. 58. 

Absorption curves in the ultra-violet 

1 = phloroglucinol 

2 = phloroglucinol trimethyl ether 

3 = cyclohexanedione 

4 = cyclohexanone 


At the beginning of the reaction an insoluble greenish black dyestuff is formed 
related in structure to pernigraniline (238) and quinone is produced from this substance 
by further oxidation. Black colouring matters are formed as by-products. (Compare 
p. 382). 


Quinone is yellow in colour, it has an irritating odour, is volatile in steam 
and can be sublimed. It has oxidising properties and can easily be reduced, 
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e o with sulphur dioxide to quinol (232). A number of £ara-quinones, made 
like quinone itself by the oxidation of ^-dihydroxy-compounds, are known. 
They are usually yellow in colour, they have an irritating odour, they are 
very volatile in steam by which they are partly decomposed and they have 
oxidising properties. With regard to quinone monoxime see 235. 

When quinol is oxidised in aqueous solution with an insufficient quantity of ferric 
chloride to convert it into quinone, dark green, metallic looking crystals of quinhydrone 
separate ; this substance may also be produced from cquimolecular amounts of quinone 
and quinol. Quinhydrone dissolves in alcohol or benzene with a yellow colour and in 
these solutions it is to a large extent dissociated into its components; it is completely 
dissociated in boiling water. Quinhydrone was therefore formulated as a molecular 
compound of quinol and quinone: 


H H 



A coloured addition compound of 1 mol. of quinone and 2 mols. of phenol is also 
known. Probably, crystalline quinhydrone is a polymer built up from a large number 
of molecules of quinone and quinol; the intense colour is bound up with the occurrence 

of mesomeric forms. 

The reduction of quinone to liydroquinone is a reversible reduction-oxidation reaction ; 


c # h 4 o 3 '+ h 2 


C.H.fOH), 


or expressed in electronic formulae (in which not all of the valency electrons are given 
and each bond corresponds to two electrons): 


: O : 
• • 

• • 


H—C 

I 

H—C 


C—H 

I 

C—H 


: b :<-> 

• • 

H—C- ' -C—H 


+ 2C“ 


• • 

• • 

: O : 

quinone 


H—C- C—H 

• O • 

‘ ? *(—) 

anion of liydroquinone 


Each of the oxygen atoms in the hydroquinone anion carries a negative charge. The 
electrochemical process is comparable with the conversion of a ferri-ion into a ferro-ion : 

Fc +++ ■+• e~ —Fe ++ . 

From recent researches of Kogl it appears that some colouring matters from 
moulds or fungi like polyporic acid, a brownish yellow sub¬ 
stance occurring in species of polyporus, are derivatives of 2,5- 
dipenylbenzoquinone', the potassium and ammonium salts are 
intense violet in colour. 

Oxidation of polyporic acid produces benzoic acid. The pre¬ 
sence of two hydroxyl groups follow's from the formation of a 
diacetyl derivative, while distillation with zinc dust produces terphenyl: 


HO \ < 

/C.H 

°=<z 

>° 

X 

o» 

\ 

✓ 

ZoH 

polyporic 

acid 
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The structure of polyporic acid deduced from this reasoning has been confirmed by 
synthesis. 

ortho-Benzoqui none is produced by oxidising catechol with silver oxide 
in dry ether: 


OH 

c 


HC^ COH 


HC 


CH 




H 


HC 


HC 


O 

II 

C 


c=o 


CH 


S' 


H 


It is a very unstable, volatile, odourless compound, which is obtained in 
red needles. 

Resorcinol cannot be converted into a quinone. From an examination 
of the structural formulae of o- and ^-quinones it is seen that a similar 
formula for a w-quinone cannot be constructed. 


(c) Substituted phenols 

234. Halogenophenols. o- and p -chlorophenol and the corresponding bromo- 
phenols are produced by chlorinating and brominating phenol. The reaction 
takes place without the addition of a catalyst. When the reaction is carried 
out in aqueous solution di- and tri-substitution products are formed (see the 
formation of tribromophenol 229). The iodination of phenol can be carried 
out by the action of iodine in the presence of an oxidising agent like iodic 
acid, which serves to oxidise the hydriodic acid as it is formed. 

The halogen atoms can be replaced by hydroxyl groups by fusion with 
potash. In this reaction the entering hydroxyl group may sometimes take 
up another position to that occupied by the halogen atom, as in the replace¬ 
ment of a sulpho-group by hydroxyl. On account of the presence of the 
halogen atom, the halogenophenols have stronger acid characteristics than 
phenol; for example, carbonates are decomposed by trichlorophenol. The 
halogenophenols have strong antiseptic properties and for this reason, 
various compounds of this group, e.g. ^-chlorophenol, tribromophenol and 
^-chloro-w-cresol, are used as disinfectants. o-Halogenophenols have a very 
penetrating odour resembling that of iodoform. 

Phenolsulphonic acids. 0- and />-phenolsulphonic acids are produced when 
phenol is sulphonated; o-phenolsulphonic acid is unstable and gives a violet 
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TABLE 45 

MELTING AND BOILING POINTS OF SOME HALOGENO-PHENOLS 



Melting point 

Boiling point 

o-Chloro phenol 

8.7° 

176° 

m-Chlorophenol 

32.8° 

214° 

/ 7 -Chlorophenol 

42.9° 

217° 

o-Bromo phenol 

5.6° 

195° 

m-Bromophenol 

33° 

236° 

/>-Bromophenol 

63.5° 

238° 

2.4,6-Tribromophcnol 

92.5° 

— 

o-Iodoplienol 

40.4° 

187°/100 mms. 

»i-Iodophenol 

40° 

— 

/>-Iodophenol 

92° 



colouration with ferric chloride; ^-phenol sulphonic acid gives a very faint 
reaction. 

235. 'Nitrophenols. o- and />-Nitrophenols are produced by the action 
of dilute nitric acid on phenol at ordinary temperatures. The isomers are 
separated by steam distillation, the o-compound passing over with the 
distillate, the ^-compound remaining behind. 

o-Nitrophenol is yellow and melts at 45 0 . It has a characteristic odour 
and is used for the preparation of o-aminophenol and o-nitroanisole. />-Nitro- 
phenol is odourless and melts at 114 0 . 

/>-Nitrophenol is colourless but dissolves in alkali with a yellow colour. This pheno¬ 
menon occurs with many nitrophenols. Probably this is due to a tautomeric form, 
the “ aci-form ” from which the salt is derived: 

H H H H 

^C = C^ KOH / c — c \ 

HOC C— N -► 0=C C=N -+- H.O. 

^C — cf \c = C^ ^OK 

H H H H 


Another argument in favour of this opinion is that nitrophenyl ethers exist in two 
isomeric forms one of which is colourless and the other coloured (Hantzsch, see 
also 226 ). 
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colourless form 


coloured form 


p-nitroanisole 


/ 
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m -Nitrophenol is obtained from w-nitraniline (240) by diazotisation (245). 

2,4,6-Trinitrophenol or picric acid is prepared by nitrating phenol with 
a mixture of concentrated nitric and concentrated sulphuric acids. It may 
also be obtained by heating benzene with nitric acid and mercuric nitrate; 
under these conditions benzene is oxidised to phenol which is then nitrated 
to picric acid. Picric acid cannot be further nitrated, so that it is the final 
product in the nitration of phenol. It was obtained in 1788 by Hausmann 
by the action of nitric acid on indigo; in 1799 Walter obtained the same 
substance by treating silk with nitric acid. The name picric acid was given 
by Dumas (7uxpo<; = bitter). 

Picric acid melts at 122 0 and is pale yellow when pure, although its 
aqueous solution is deep yellow; since it is fairly strongly ionised in water 
(k = 0.38), the yellow colour is due to the anion, which is converted into 
a tautomeric form. A solution of picric acid in petroleum ether, in which 
it is not ionised, is colourless. Picric acid has an intensely bitter taste. 

In chemical behaviour picric acid is similar to a carboxylic acid; the 
hydroxyl group is replaced by chlorine by phosphorus pentacliloride with 
the production of picryl chloride, which behaves like an acid chloride (75). 
The methyl ether, which is produced from silver picrate and methyl iodide, 
has the properties of an ester, for this compound can be hydrolysed by 
boiling with alkali and it is converted into picramide by ammonia. From 
this it is clear that the reactivity of a fourth substituent is increased by 
nitro-groups in the two 0- and the ^-positions. 

The well defined crystalline potassium and ammonium salts of picric acid 
explode violently when struck; the acid itself can be caused to explode by 
mercury fulminate (157) or another priming explosive or detonator. Picric 
acid and ammonium picrate are used on a large scale as explosives. 

Picric acid gives well defined crystalline picrates with heterocyclic bases and alka¬ 
loids; the bases can be liberated from picrates by means of ammonia or alkalis which 
are frequently used for identifying them. Picric acid also gives well defined addition 
compounds with various aromatic hydrocarbons, e.g. with naphthalene, C 10 H 8 , a 
compound CioHgCCeH^NO^OH], m.p. 149 0 , is formed. These double compounds are 
frequently used for the separation and identification of aromatic hydrocarbons. Picric 
acid can be detected by adding potassium cyanide to the aqueous solution, when the 
latter assumes a red colour due to the formation of isopurpuric acid. 
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It is decomposed by heat and reacts on oxidation and reduction in accord¬ 
ance with the above formula, since ^-nitrophenol and />-aminophenol 
respectively, are produced. 

Nitrosophenol is identical with quinone monoxime (233), i.e. this is a 
case of a tautomeric conversion of a quinone derivative into an aromatic 

compound: 
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The nitroso-form and the oxime-form have not been isolated as individuals; 
isomeric N- and O-ethers, however, derived from the two forms, are known. 


(viii) AROMATIC AMINES 

236. Monoamino-compounds are produced by reduction of the corresponding 
nitro-compounds. This reduction may be carried out with tin and hydrochloric 
acid, iron filings and dilute sulphuric or hydrochloric acid or by gaseous 
hydrogen with an appropriate catalyst. Nitro-compounds may also be 
reduced clectrolytically (244). Aromatic amines are very feeble bases com¬ 
pared with aliphatic amines (49). They do not turn red litmus blue and 
aqueous solutions are practically non-conducting. They give salts which 
react acid in aqueous solution due to partial hydrolysis. The negative effect 
of the phenyl group on the amino-group is clearly noticable here. This is 
particularly marked with di- and tri-phenylamine. Diphenylamine is still 
able to form salts with strong acids, which are completely dissociated in 
water; in triphenylamine ability to form salts has practically disappeared. 

Under the influence of the amino-group, the hydrogen atoms of the 
benzene nucleus are more easily substituted (229, compare the effect of 
the hydroxyl group). 2,4,6-Tribromoaniline is produced immediately from 
aniline, C 6 H 5 NH 2 , and bromine water. The amines are much more readily 
oxidised than aromatic hydrocarbons. The hydrogen atoms attached to 
nitrogen in primary and secondary aromatic amines can be replaced by 
alkyl by treatment with alkyl halides as with aliphatic amines, secondary 
or tertiary amines being produced, e.g.: 

C.HjNH, + CH 3 I —■> C.H,NH(CH 3 )HI. 

The primary amines are acetylated by acetic anhydride; similar acyl- 
derivatives are obtained by heating primary aromatic amines with anhyd¬ 
rous acids. These compounds, called anilides, are split up into their compon¬ 
ents by boiling with dilute alkalis or with mineral acids. 
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Primary amines react with aromatic aldehydes as follows: 

C,HjCHO + H 2 NC 6 Hj C,H 5 CH=NC«H 5 + H.O 

bcnzaldchyde benzalaniline. 

They give the carbylamine reaction (56) and diazonium compounds (245) 
are produced with nitrous acid. 

Aniline C G H 5 NH 2 , the first member of this homologous series, was first 
obtained by heating indigo with lime (Unverdorben, 1826). The name 
aniline is derived from the Spanish word for indigo, namely, anil (Fritzsche), 
In 1843, A. W. Hofmann found that this aniline was identical with the 
reduction product of nitrobenzene. 

It is prepared commercially by reducing nitrobenzene with iron turnings 
and hydrochloric acid: 

C,H s N0 2 + aFe + 6 HCl —> C 0 H 5 NH 2 + sH.O 2 FcC1 3 
nitrobenzene aniline. 

Very much less (i/40th part only) hydrochloric acid is required in practice 
for this reduction than given by the above equation; this is due to the 
fact that ferric chloride is hydrolysed by water giving ferric oxyde and 
hydrochloric acid which takes part in the reaction again. 

The catalytic reduction of nitrobenzene to aniline is carried out on a technical scale 
with the aid of finely divided copper or silver catalysts. The preparation of aniline 
from chlorobenzene ( 220 ) and ammonia is also carried out on a commercial scale. 

Of theoretical interest is the formation of small quantities of aniline by the action 
of ammonia on benzene at 500 ° in the presence of finely divided iron ornickel (WinAUT): 

C 6 H 0 + NH 3 —> C 6 H 5 NH 2 + H 2 — 8 Cal. 

Aniline is a colourless liquid, which becomes brown in colour on exposure 
to air due to the presence of very small quantities of impurities. Aniline 
and its homologues are very slightly soluble in water. 

With formaldehyde, it gives a condensation product, anhydroformaldehyde- 
aniline, (C 6 H 5 N=CH 2 ) 3 , which is very sparingly soluble in water. 

An aqueous solution of aniline is coloured violet by bleaching powder; this 
is an extremely sensitive and specific reaction. The initial reaction product 
is probably phenyl chloramine C 6 H 5 NHC 1 , in the same way that chloramine, 
NH 2 C 1 , is produced from ammonia and sodium hypochlorite; the phenyl- 
chloramine then reacts further with aniline with the formation of coloured 
products. An acid solution of an aniline salt is coloured by potassium 
bichromate, first dark green and then black and a black dyestuff, aniline 
black (238), separates from the solution. 

Homologues of aniline, the loluidines and the xylidines, are produced by 
reduction of the corresponding nitro-compounds. Ortho- and />rtra-toluidines 
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can be separated from one another via their oxalates, which have different 
solubilities in water. 

Aniline and its homologues are poisonous. 

TABLE 46 


SOME PHYSICAL CONSTANTS OF ANILINE AND ITS HOMOLOGUES 


Name 

Formula 

Boiling 

point 

Melting 

point 

1 

d»° 

Aniline 

C»H 5 NH, 

184° 

— 6.2° 

1.0216 

o-Toluidinc 

CH 3 C,H,NH,-1,2 

201 ° 

—16.1° 

0.9989 

w-Toluidine 

CH 3 C e H 4 NH 2 —1,3 

203° 

—31.0° 

0.9891 

/>-Toluidine 

CH 3 C 6 H,NH 2 -1.4 

200 ° 

43.7° 


asymm. Xylidine 

(CH 3 ) 2 C,H 3 NH, 

1.2 4 

226° 

49° 



237. Secondary amines. Of the purely aromatic amines, diphenylamine 
(C 6 H 5 ) 2 NH, may be mentioned. It is produced by heating the corresponding 
primary amine, aniline, with its hydrochloride: 

[C # H,NH S ]C1 + HHNC.H, —> HN(C,H s ) t + NH t Cl. 

It is used as an extremely sensitive reagent for nitric acid. A few drops of the liquid 
to be tested arc added to a solution of diphenylamine in concentrated sulphuric acid; 
in presence of nitric acid a very intense blue colour is produced. This reaction is a 
proof of the presence of nitric acid only when it is certain that no other oxidising 
agent is present, since diphenylamine gives a blue colour also with bromine water, 
potassium permanganate and other oxidising agents. 

Mixed aromatic aliphatic amines are obtained by the method previously 
mentioned (p. 376), in which a mixture of secondary and tertiary amines 
is formed. In order to obtain the secondary amine in a pure state, a hydrogen 
atom in the amino-group is first replaced by an acyl group, e.g. acetyl; 
the acyl derivative is then treated with an alkyl iodide and the alkylated 
acyl compound eventually hydrolysed, whereby the acyl group is split off. 

Secondary amines, like their aliphatic counterparts, give nitrosamines 
with nitrous acid: 

C 6 H 6 NH(CH,) + ONOH — ► C,HjN(NO)(CHj) + H a O 

nitrosomethylaniline. 

* 

The nitrosamines can be converted into hydrazines (247) by careful reduction: 

C»H|\ C e H 6 \ 

N—NO + 4 H —► N-NH, H- H t O 

CH,/ CH,/ 

mcthylphcnylhydrazine. 
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On powerful reduction, e.g. with tin and hydrochloric acid, the nitroso-group is 
split off: 


C 0 H 5 \ 


N—NO -I- 6 H 


c 6 h 6 \ 

NH + NHj + H 2 0. 

CH 


CHj 

By careful oxidation, nitrosamincs can be converted into nilramines ( 152 ), e.g. 
C«H 5 \ 

N—NO,. The latter may also be produced by the action of fuming nitric acid 

ch 3 / 

on secondary amines like methyl- and ethyl-aniline; in these cases three nitro-groups 
are introduced simultaneously into the benzene nucleus (Van Romburgh). 

On warming nitrosamincs or any other nitroso-compound with phenol in concen¬ 
trated sulphuric acid, diluting with water and basifying the solution with potash, 
an intense blue colour is produced (Liebermann reaction). 

Tertiary amines. One of the but slightly known, purely aromatic, tertiary 
amines, is triphenylamine (C 6 H 5 ) 3 N, which is produced by treating diphenyl- 
amine with sodium and bromobenzenc. It melts at 127 and possesses 
practically no basic properties. 

Mixed aromatic—aliphatic amines, of which dimethylaniline C 6 H 5 N(CH 3 ) 2 , 
is the most important, are produced by the action of alkyl halides on primary 
aromatic amines. They are prepared commercially by heating the primary 
amine salt, usually the sulphate, with the appropriate alcohol in an auto¬ 
clave. The ratio in which mono- and di-alkylanilines are formed, depends 
on the amount of alcohol used and on the reaction temperature: 

[C,H 6 NH 3 )X + CH 3 OH —► [C,H 5 N(CH 3 )H,]X + h 2 o. 

(C,H 5 N(CH 3 )H 8 )X CH 3 OH —>- [C 6 H 5 N{CH 3 ),HjX + h 2 o. 

The following changes take place when dimethylaniline hydrochloride 
is heated in a closed vessel to about 300° (Hofmann and Martius) : 


[C 6 H 6 N(CH 3 ).H)C1 


r ^ ch 3 n 

1 C,H 4 Cl 

!_ \n(ch 3 )hJ 


ch 3 - 
c.h 3 -ch 3 I Cl 
_ \NH, J 


xylidinc hydrochloride. 

In this reaction which takes place at lower temperatures in presence of 
zinc chloride, the alkyl group wanders from the nitrogen atom into the 
nucleus with the formation of a homologue of aniline. 

In the dialkylanilines and in dimethylaniline in particular, the hydrogen 
atom in the />ara-position of the benzene nucleus, is very mobile, i.e. very 
easily displaced by various groups of atoms. Thus dimethylaniline readily 
gives nitrosodimethylaniline with nitrous acid: 


(~)h(CH 3 ), + HONO —ON<^ _^>N(CHj), 

dimethylaniline nitrosodimethylaniline. 

The nitroso-compound crystallises in green leaflets melting at 85°; its 
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hydrochloride consists of yellow needles. By oxidation with potassium 
permanganate, the nitroso-group is oxidised to a nitro-group with the form¬ 
ation of />-nitrodimethylaniline. By boiling nitrosodimethylaniline with 
alkali, the —N(CH 3 ) 2 group is split off, with the production of nitrosophenol 
(235) and dimethylamine (47), which can be prepared in a pure state in 

this way: 


s n o 

t N(CH 3 ) 2 + 

nitrosodimethylaniline 


H,0 


’ c o H 4 ) OH + HN(CH 3 ) 2 
nitrosophenol dimethylamine. 


The a™-hydrogen atom in dimethylaniline can also react with aldehydes 
with the formation of a condensation product: 


H C,H,N(CH 3 )j 

C 6 H 5 CH= O + —> C 6 H 5 CH[C 6 H 4 N(CH 3 ) 2 ] 2 + H s O. 

H C„H 4 N(CH 3 ) 2 

The structure of this compound follows from its relationship to triphenyl- 
methane CH(C 6 H 5 ) 3 (273). 

A />rtn*-substituted derivative of benzophenone (259) called Michler’s 
ketone, which is an intermediate product in the preparation of certain 
dyestuffs, is produced from phosgene and dimethylaniline: 

^ Cl H C 0 H|N(CH 3 ) 2 ^C 8 H 4 N(CH 3 ) 2 

CO —> CO + 2HC1. 

Cl H C 4 H 4 N(CH 3 ) 2 ^C 8 H 4 N(CH 3 ) # 

When dimethylaniline is warmed with fuming nitric acid, trinitrophenylmethyl- 
mtramine is formed with the evolution of a large amount of gas (Van Romburgh) : 

/CH 3 

C 4 Hj(N'0 2 ) 3 N 

\NOj 

tctryl. 

One of the methyl groups is oxidised away and replaced by a nitro-group and, at 
the same time, hydrogen atoms in positions 2 , 4 and 6 in the nucleus, are also replaced 
by N0 2 . This substance is used as an explosive under the name of tetryl. The same 
reaction takes place with other dialkylanilincs. 

Quaternary bases are produced by adding alkyl halides to tertiary mixed 
amines and treating the resultant quaternary salts with moist silver oxide. 
These compounds behave like strong bases. 

On boiling dimethylaniline methiodide with potash, methyl alcohol and 
dimethylaniline are produced; thus the reaction takes a different course to 
that which occurs when quaternary aliphatic ammonium bases are heated (49). 

Phenytphosphine, C # II 6 PH 2 , the phosphorus compound corresponding with aniline 
in structure, is obtained by distilling plienylphosphinodichloride , C 6 H 6 PC1 2 , with alcohol 



POLY-AMINO-COMPOUNDS 


§ 237-238 



in a stream of carbon dioxide; in this reaction the alcohol acts as a reducing agent. 
It is a liquid with a nauseating odour; it is very easily oxidised. Phenylphosphino- 
dichloride, which serves as the starting product for many aromatic phosphorus com¬ 
pounds, is prepared by warming benzene with phosphorus trichloride and aluminium 
chloride. 


238. Poly-aniino-com pounds are obtained by reduction of poly-nitro-com- 
pounds. Diamines are also produced from dichlorobenzenes or chloroanilines 
by heating with aqueous ammonia to 140-200° with copper sulphate as a 
catalyst. The di- and tri-aminobenzenes are easily oxidised like the polyhy- 
dric phenols; they are colourless when pure but rapidly darken when exposed 
to the atmosphere. 

The diaminobenzenes, which are also called phenyleiiediamines (phenylene 
is the name for the radical derived from benzene by removing two atoms 
of hydrogen, i.e. C 6 H,), are solid substances used in the manufacture of 
dyestuffs. They are fairly soluble in water and may be distilled without 
decomposition. 

p -Diaminobenzenc can be obtained from aminoazobenzene (249) by 
reduction with tin and hj'drochloric acid: 


4 h 

C 6 H 8 N=NC 6 H 4 NH, —> C ( H s NHj + H S NC 6 H 4 NH 2 
aminoazobenzene aniline />-diaminobenzcnc. 


o -Diaminobenzene reacts readily with 1,2-diketones (especially with 
phenanthraquinone 284) with the formation of quinoxalines (343): 

NH. O = C—R /\n^C—R 

‘ + I —> I I + 2H 2 0. 

NH * 0 = c— R \ Vn=C—R 



m -Diaminobenzene gives an intense brown colour in aqueous solution 
with even very dilute nitrous acid. 

/>-Diaminobenzene gives quinone (235) on oxidation. 

Oxidation of this diamine with silver oxide gives quinonediimine : 


H H 

/C = C \ 

HN=C C=NH 

N ''C = C // 

H H 


which is split up into quinone and ammonia by the action of dilute acids. 

Aniline-black. O 11 oxidising aniline in acid solution, e.z. with potassium chlorate 
or bichromate, various insoluble, green to black colouring matters are produced, the 
exact composition depending on the oxidising agent employed; these form the 
constituents of aniline-black. The ultimate product of oxidation at low temperatures 
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which should have the following structure according to Will- 



Jn this formula there are eight aniline residues joined together through nitrogen 
and there are four quinonoid groupings in the molecule. In support of this formula, 
a good yield of quinone is produced from aniline-black by oxidation. Aniline-black, 
obtained commercially by oxidising aniline at a higher temperature, which is stable 
towards acids, is probably produced by a reaction between pemigraniline and aniline, 
in which hydrogen is removed by oxidation (Green). Aniline-black is one of the most 
important dyestuffs for dyeing cotton. In this process cotton is steeped in an acid 
solution of aniline salt (hydrochloride) and then treated with a solution of sodium 
bichromate to which a copper salt is added, as a result of which the dyestuff is produced 
directly on the fibre. 


Amines with the amino-group in the side-chain. 

239. Phenylaminomethane or benzylamine C 6 H 5 CH 2 NH 2 , is the simplest 
compound of this group. It is isomeric with the toluidines but resembles 
the aliphatic amines in properties, which is evident also in its method of 
formation from benzyl chloride and ammonia (in which di- and tri-benzyl- 
amines are also produced): 

C 6 H 5 C H 2 C1 + NH,-> C,H 6 CH,XH s + HC1. 

It is also formed by addition of hydrogen to benzonitrile and by reduction 
of phenylnitromethane C 6 H s CH 2 N 0 2 (226). It is a liquid boiling at 185°, 
which reacts alkaline in water and does not give a diazonium compound (245). 
It is a stronger base than aniline because the amino-group is situated in 
the side-chain and is not under the direct influence of the phenyl group. 
Benzylamine derivatives alkylated in the amino-group, e.g. C 6 H 5 CH 2 NHR 
(R = CH 3 , C 2 H 5 , etc.) are much more strongly basic than benzylamine. 

$-Phenylethylamine or i-amino- 2 -phenylethane C 6 H 5 CH a CH,NH t . is a decomposition 
product of proteins; it originates from phenylalanine ( 199 b Various bases occurring 
in plants or animals, such as lyramine, hordenine, adrenaline and epliedrine, are derived 
from phenylcthylamine. These compounds contain phenolic hydroxyl groups. 

Tyramine is produced in the decomposition of proteins by bacteria and also occurs 
in ergot. Its structure follows from its formation from tyrosine ( 199 ), from which it 
is obtained by heating with the elimination of carbon dioxide: 

HOC a H 4 CH,CH(NH,)COOH —> HOC,H 4 CHjCH,NH, + CO, 
tyrosine i 4 

/>-hydroxyphenylethylaminc or tyramine. 


Tyramine is used in medicine; it causes contraction of the peripheral blood vessels and 
a rise in the blood pressure. 

Adrenaline is a hormone ( 307 ) occurring in the suprarenal gland. It can be isolated 
from the suprarenal glands of horses and is used in medicine because it brings about 
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constriction of the blood vessels Protocatechuic acid ( 263 ) is formed when adrenaline 
is oxidised; mcthylaminc is split off on heating with hydriodic acid. Also, it may be 
shown by benzoylation and acetylation, that adrenaline contains an alcoholic hydroxyl 
group. The structural formula deduced from these data has been confirmed by the 
following synthesis (Stolz). 

By the action of chloroacetyl chloride on catechol (I), chloroacetylcatechol (II) is 
» — 

formed, which reacts with methylamine to give the amino-ketone ( 111 ); on reduction, 
e.g. with sodium amalgam, (//-adrenaline (IV) is produced, which can be resolved into 
its optical components via the tartrates: 



catechol 


ClCHjCOCl 
->- 



COCI1.C1 


chloroacetylcatechol 


CIIjNHj 
-> 



OCHjNHCHj 



H 0 jl Vll C H O H C 11 i N H C H 3 

HO x/ 

^//-adrenaline. 


Natural adrenaline is laevo-rotatory, a D = — 5°o J - 

Hordcnine HO^ ^>CH 2 CH,N(CH 3 ) 2 , melting point 118 0 , occurs in germinating 
barley. 

Amongst the derivatives of phenylethylamine are the following alkaloids (35 2 )* 

Ephcdrine, C I 0 H, s ON (crystals which melt at 38 ° when anhydrous) and the stereo¬ 
isomer, pseudo- or <ji-ephedrinc, occur along with alkaloids of related structure in 
Ephedra sinica and they can be obtained from this source. 

When cphedrinc is heated with hydrochloric acid, methylamine is split off. It gives 
a nitroso-compound. From this it follows that cphedrinc is a secondary amine in 
which a methyl group is attached to the nitrogen. It has an alcoholic hydroxyl group 
as can be shown by benzoylation and it gives benzoic acid on oxidation. These and 
other data lead to the structure given below, which has been confirmed by synthesis 
(Manske and Johnson; Skua): 


c 6 h 6 cococh 3 

+ 

h 3 cnh 2 

* 

i-phenylpropane-i, 2 -dionc 
and methylamine 


aH 2 

- 

catalytic 


C 6 H c CH(OH)CH(CH 3 ) + h 2 o. 

NH(CH 3 ) 

(//-ephcdrine 


Ephedrine causes an increase in the blood pressure and is used in medicine. 

Various alkaloids occur in certain species of cacti, e.g. A nholiutn, which are indigenous 
to Mexico. One of these, mescaline C n H I 7 0 3 N, a colourless liquid boiling at 180 ° at 
12 rams, pressure, is a derivative of phenylethylamine as appears from the following 
synthesis (Spath) : 



trimethylgalloyl chloride trimethylgalloyl aldehyde nitromethane 



3S4 


CH. 9 
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CH=CHNO* 


reduction 


CHjCHjNH 


ch 3 o 


/ 


mescaline. 


In man, mescaline causes peculiar colour vision. 

Some non-oxygenated derivatives of 0-phenylethylamine show remarkable pharm¬ 
acological properties, c.g. aL-methyl-$-phenylclhylamine {benzedrine) and its N-methyl 

derivative {pervitine): 


C,HjCH,CHNHj 

ch 3 

benzedrine 


cach : chnhch 3 

CHj 

pervitine. 


These substances exert a powerful stimulating action and excite the activity of the 
central nervous system. These bases are cardiac and nervous stimulants. 


Nuclear substituted anilines. 

240. Halogen substitution products. In general bromine and chlorine react 
violently with aromatic amines. In order to introduce one chlorine atom 
into aniline, the starting material must be acetanilide, which is dissolved 
in glacial acetic acid and gaseous chlorine is passed into the solution. The 
main product is p-chloroacetanilide. 

In this reaction the hydrogen atom attached to the nitrogen is first substituted; 
this compound, N-chloroacetanilidc, passes over into £-chloroacetanilide by an intra¬ 
molecular conversion (Blanksma). 

By the continued action of chlorine the acetyl compounds of 2,4-dichloro- 
and finally of 2,4,6-trichloro-aniline are produced. For 2,4,6-tribromoaniline 
see 236. 

o- and w-Halogenoanilines are obtained by reduction of the corresponding 
nitrohalogenobenzenes (225). The basic properties of aniline are weakened 
by introducing halogen atoms in the o- and ^-positions in the nucleus; a 
halogen atom in the w-position has very little effect. 

Nitro-compounds of aromatic amines or nitranilines C 6 H 4 (N 0 2 )(NH 2 ) are 
produced from dinitro-compounds by partial reduction with ammonium 
sulphide. A second method of preparation consists of nitrating the aromatic 
amine. However, if nitric acid is allowed to react with free aniline, the latter 
is mainly oxidised. The amino-group must be protected from the oxidising 
action of nitric acid by introducing an acyl residue, e.g. acetyl. In the nitra¬ 
tion of acetanilide, p -nitroacetanilide is the main product together with a 
little o-nitroacetanilide. />-Nitraniline (m.p. 147 0 ) and o-nitraniline (m.p. 71 0 ) 
are obtained by boiling the nitroacetanilides with hydrochloric acid. 
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Aniline can also be nitrated by allowing nitric acid to react on the sulphate 
in concentrated sulphuric acid. For this purpose aniline is dissolved in 
excess sulphuric acid; p- and m-niiraniline (m.p. 114 0 ) are formed in approxi¬ 
mately equal quantities along with a little o-nitraniline. 

Hence substitution in the ;;/c/«-position is facilitated by converting 
aniline into the anilinium ion C 6 H 5 NH 3 + . 

For the formation of amines from chloro- and bromo-nitrobenzenes, 
see 225. 

The basic character of the nitranilines is weakened when compared with 
aniline, most with the ortho- and least with the w^ta-isomer; o-nitraniline 
sulphate is almost completely hydrolysed by water, while that of w-nitr- 
aniline is very slightly hydrolysed. The nitranilines arc yellow, crystalline 
compounds, which are sparingly soluble in water and readily soluble in 
alcohol. 

The amino-group in 0- and />-nitraniline, but not in ;;/-nitraniline can be 
replaced by a hydroxyl group by heating with potash; the potassium salts 
of the nitrophenols (235) are produced. 

The amino-group in picramine, 2,4,6-trinitraniline, is very easil}' replaced 
by hydroxyl. 

Nitro-cotnpounds of diphcnylanune . The most important compound of this group 
is hcxanitrodiphenylatnine, produced by the nitration of diphcnylaminc. This substance 
can form alkali salts in which an atom of hydrogen is replaced by a metal atom. 
These salts may be represented by two tautomeric formulae: 



Salts are known which occur in red and yellow forms. The sodium and ammonium 
salt was used under the name aurantia, as a yellow dyestuff for silk and leather and 
as a light filter for photographic purposes. 

241. Sulphonic acids of aromatic amines. Of these p -aminobenzenesiilphonic 
acid or sulphanilic acid, C 6 H 4 (NH 2 ) (S 0 3 H), will be mentioned. It is produced 
by heating aniline sulphate to 200°: 

/NHj (1) 

(C e H 5 NH 3 )HS0 4 —C 6 H, + H a O 

\S0 3 H ( 4 ) 

or by heating ^-chlorobenzenesulphonic acid with ammonia to 200° in 
presence of copper sulphate as a catalyst: 

ClC 0 H 4 SO 3 H + NHj —>- HjNC 0 H 4 SOjH + HCI . 

Sulphanilic acid decomposes without melting at 300° and is insoluble in 
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organic solvents. It must therefore be regarded as an amphoteric ion 

H.d: SO V It can give salts Math alkalis, e.g. h.c^ - It crystallises 

with wo molecules of water of crystallisation and is sparingly soluble in 
cold water; it is used as an intermediate in the dyestuffs industry. 

The amide of sulphanilic acid, sulphanilamide, H 2 NC 6 H 4 S 0 2 NH 2 , hinders 
the multiplication of streptococci. Many derivatives of this compound 
possess the property of preventing the growth of bacteria and are used as 

drugs against infectious diseases (antibiotics see 254 > 335 )* 

On fusing sulphanilic acid with potash, the reaction product is not 
aminophenol as would be expected, but aniline. Ouinone is formed on 
oxidation with chromic acid. 

Hydroxy-compounds of aromatic amines or ami nophenols C 5 H 4 (OH) (NH 2 ), 
are produced by reducing nitrophenols (235). The aminophenols have no 
acidic characteristics; they do not give phenates; they form salts, with 
acids. The aminophenols form colourless leaflets, which are soon oxidised 
in the air with the production of a brown colour and resinous materal; the 
hydrochlorides are more stable. 

p -Aminophenol can be prepared by the electrolytic reduction of nitro¬ 
benzene in acid solution, phenylhydroxylamine being formed as the initial 
reaction product (see 244). 


An alkaline solution of ^-aminophenol rapidly becomes dark in colour when exposed 
to air; it is stable, however, if sodium sulphite is also present. Such a solution is a good 
photographic developer. 

Lumi&re has discovered some general rules, which must be fulfilled by aromatic 
compounds if they are to be of use as photographic developers. He has shown, for 
example, that such compounds must contain more than one hydroxyl or amino- 
groups, or at least one amino- and one hydroxyl group. Hydroquinone, pyrogallol and 
tnetol or p-methyl-aminophenol HOC # H 4 (NHCH 3 ), arc photographic developers, which 
fulfil these requirements. 

A derivative of />-aminophenol, acetylphenetidine, C e H 4 (OC J H 6 )(NHCOCH 3 )-i,4, 
is used as a febrifuge under the name of phenacetine. 


242. Arsenic compounds of aniline. p-Aminophenylarsonic acid (arsanilic acid) 
H 8 NC 8 H 4 AsO(OH) 2 , is produced in a similar way to sulphanilic acid by heating aniline 
arsenate (C 8 H 5 NH 3 )H 2 As 0 3 . 

Aminophenylarsonic acid can be diazotised, showing the presence of a free amino- 
group. />-Iodoaniline is produced by the action of iodine with elimination of the 
arsenic acid residue. From this it follow's that the above formula is correct. 

Various aromatic arsenic compounds are used in medicine for combatting infectious 
diseases caused by spirochaetae and trypanosomes. 

The sodium salt of aminophenylarsonic acid, known CONHC.H t As—O 

under the name of atoxyl, and to a larger extent, the ^ONa 

sodium salt of the acetyl compound arsacetin, are used in 
the treatment of sleeping-sickness. 


arsacetin. 
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The hydrochloride of 3,3'-dianiino-4,4'-dihydroxyarscnobcnzcnc containing 2 mo Is of 
HC), is salvarsan (P. Ehrlich, Hata and Bertheim), which is used as a remedy 
against syphillis and other infectious diseases caused by spirochaetae. 

Salvarsan is prepared as follows: 


AsOjH, 



NH a 


/>-aminophenyl- 
arsonic acid 


introduction of 
an acyl residue 


AsO.H, 



NHacyl 


As0 3 H 2 



urethane or 
oxalyl-derivativc 


AsOjH a 



OH 


reduction 

with 


Na 2 S 3 0 4 



3-nitro-4-hydroxyphenyl- 
i-arsonic acid 



H —As= As —^ \oH 



HC1 


H 2 N 


NH 


diaminodi hydroxy arsenobenzene 



salvarsan. 


Salvarsan is a yellow powder, which readily dissolves in water but rapidly decompo¬ 
ses. With silver nitrate it gives a complex compound, silver salvarsan, which is more 
active than salvcrsan. 


INTERMEDIATE PRODUCTS IN THE REDUCTION OF NITRO-COMPOUNDS 


243. Reduction of aromatic nitro-compounds in acid media leads directly 
to amines, (see 236), but important intermediate products can be isolated 
on reduction in alkaline solution and in electrolytic reduction. 

Reduction in alkaline solution. In this case the following intermediate 
products are formed: 


1. azoxy-compounds 

2. azo-compounds 

3. liydrazo-compounds 

4. amino-compounds 


C e HjN0 2 0 2 NC 8 H 6 
C 8 H 6 —N=N—C 0 H S 
6 

C c H 5 —N=N—C 6 H 5 
C c H s —N—N—C 6 H 6 

H H 

C 0 H 5 NH 2 H 2 NC 0 H s . 


Azoxybenzene is obtained by boiling nitrobenzene with alcoholic potash. 
It consists of pale yellow crystals melting at 36° and is very sparingly soluble 
in water. Azoxybenzene can also be obtained by oxidising azobenzene with 
hydrogen peroxide. 

In this way two isomeric azoxy-derivatives are produced from bromo- 
azobenzene (Angeli) : 


BrC 8 H 4 N=NC 8 H 6 

6 


BrC 8 H 4 N=NC 8 H 5 . 


O 


and 
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On the basis of this isomerism, which is also observed with other mono- 
substituted azoxybenzenes, the above formulae are attributed to azoxy- 
compounds instead of the formula c *h*n-—nc.h, , in use previously; the 

bond between nitrogen and oxygen is a semi-polar bond. Azobenzene is 
produced on warming azoxybenzene with iron powder. 

Azoxytx'nzene is converted into p-hy dr oxy azobenzene C 0 H 5 N=NC 6 H 4 OH, by warming 
with concentrated sulphuric acid. A similar reaction takes place when the azoxy- 
compound is irradiated but the oW/io-compound is produced. 

p -Azoxyphcnctole C 2 H 5 OC 6 H 4 N =NC 6 H,OC 2 H 6 . melts at 134° to a turbid liquid. 

which goes suddenly clear at 165°. When the turbid liquid is viewed between crossed 
nichols in convergent light, interference figures are observed, which are characteristic 
for double-refracting uniaxial crystals. Between 134 0 and 165° the fused melt is 
anisotropic but above 165°, the anisotropy disappears; these anisotropic liquids are 
called liquid crystals or crystalline liquids. This phenomenon, which has been particul¬ 
arly investigated by Lehmann and by Vorlander, occurs in a large number of 
compounds having elongated molecules. It is supposed that groups of molecules orient¬ 
ated in parallel occur in crystalline liquids and so give rise to anisotropy^ 

Azobenzencs are produced by reduction of nitro-compounds with iron 
powder or zinc dust and alkali or with stannous chloride in excess alkali or 
with sodium amalgam and dilute alcohol. In this way azobenzene, the simplest 
compound of this group, can be prepared from nitrobenzene: 

:C e HjNOj 4- 8H—► C 0 H 6 N=NC 6 H 5 4- 4 H 2 0. 
nitrobenzene azobenzene 

Condensation to azo-compounds occurs on boiling equimolecular quanti¬ 
ties of aromatic primary amines and nitroso-compounds in glacial acetic 
acid: 

C.HjNO + HjNC,H 5 -> C,H s N=NCjHj 4-H.O . 

Azobenzene is also produced along with azoxybenzene by oxidising aniline 
with potassium permanganate. Azobenzene is insoluble in water and can 
be distilled without decomposition. It is a reddish orange, crystalline subst¬ 
ance boiling at 295 0 and melting at 68°. Its structure follows from its 
reduction to aniline. 

The azobenzene molecule can be represented by two stercoisomeric cis and trans¬ 
forms, the phenyl groups lying on the same side or on opposite sides, of the plane 
containing the double bond between the nitrogen atoms. Actually two isomeric forms 
of azobenzene, melting respectively at 68° and 71 0 , have been discovered (G. S. Hart¬ 
ley). The modification melting at 69° has zero dipole-moment (79), from which it follows 
that the molecule has a centre of symmetry; therefore the /rans-configuration is ascribed 
to this form. 
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C c H s 


N=N‘ 


c*h_ 

Jraiis-form, m.p. 68', 
dipolc-inomont = o. 


v—V 

X \ 

c.h/ c 6 h 6 

cis-form, m.p. 71°, 
dipole-moment = 3 x 1 



By irradiation in solution, the /raws-form is partly converte<l into the modification 
melting at 71 0 ; this form has a dipole-moment of 3 x 10- 18 and possesses the 
cis-con figuration. On warming in the dark, the c/s-form passes over into the more 
stable trans-form. Cis- and trails -isomer ism has been observed with several deriv¬ 
atives of azobenzene and in these cases also the /ra ws-form is the stable modification. 


Hydrazobenzene C G H 5 NHNHC 6 H 6 , is produced by boiling nitrobenzene 
or azobenzene with zinc dust in alcoholic potash. It is a colourless compound 
melting at 126°. On further reduction it is converted into aniline; azoben¬ 
zene is readily obtained from it by oxidation, e.g. with ferric chloride. This 
oxidation takes place slowly when the substance is exposed to air. A charac¬ 
teristic reaction for hydrazobenzene is its conversion into benzidine or 
4,4'-diaminodiplienyl : 


O-rrO 

H H 

hydrazobenzene 


> 




benzidine. 


This reaction takes place when hydrazobenzene is treated with strong 
acids. By replacing the amino-groups in benzidine by hydrogen (see 246), 
diphenyl (273) is obtained, hence benzidine is a diphenyl-derivative. Benzi¬ 
dine is also produced by reducing azobenzene in acid solution; benzidine 
sulphate is very sparingly soluble in cold water. When the hydrogen atoms 
in the ^>flra-positions in hydrazobenzene are substituted, the latter cannot be 
converted into a benzidine derivative. From this it follows that the amino- 
groups in benzidine occupy the />tfra-positions. 

In some cases, hydrazo-compounds with only one of the para -posit ions substituted, 
can undergo an intramolecular transformation, which is known as a half benzidine or 
semidine transformation. This reaction produces derivatives of diphenylamine: 



NHCOCH, 



NHCOCH, 


p-acetylaminohydrazobcnzene i-amino-4'-accty]aminodiphenylamine. 

The mechanism of the benzidine transformation is not yet completely elucidated 


Electrolytic reduction, especially of nitro-compounds 

244. In the electrolysis of an acid solution, in which the concentration of 
hydrogen-ions is i-normal, the hydrogen-ions are discharged if a definite 
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potential difference is maintained between the electrolyte and the cathode. 
When using a platinum electrode, this potential difference agrees, for 
practical purpose, with the equilibrium potential of a normal hydrogen 
electrode. This potential, which serves as the zero-point for potential 
measurements, is given the value E=o. If. however, a lead or mercury 
cathode is employed, then the hydrogen-ions are discharged only when 
the potential difference between electrolyte and cathode is very much more 
negative than the zero value; in this case the potential value may even 
exceed i volt. This phenomenon is called overvoltage ; thus a considerable 
overvoltage can be maintained at such electrodes. Experience has shown 
that difficultly reduceable substances, which cannot be reduced at a platinum 
electrode, can frequently be reduced at a cathode at which an overvoltage 
can be maintained. 

Thus by suitable choice of the cathode material, in some cases it is possible 
to carry out reductions electrolytically which would not be possible by 
other means. 

A second factor which may be of importance in electrolytic processes, is 
the current density. By this is meant the strength of the current in amperes 
divided by the surface area of the electrode in cm 2 . The number of ions 
discharged per unit time and unit of surface area of the electrode, is therefore 

proportional to the current density. 

In reactions in which the discharged ions must react with one another, 
it is important to work at a high current density, which is attained by 
arranging for the electrode at which the reaction takes place, to have a 
small surface area. In this way the concentration of discharged ions in the 
immediate neighbourhood of the electrode is indeed high. An example is 
the formation of ethane by the electrolysis of acetic acid as described by 
IColbe; in this case the anions react at the anode according to the equation: 

2CH 3 COO'->-2CO, + c.h 6 . 

In the contrary case, in electrolytic reductions in which the hydrogen-ions 
discharged at the cathode must react with the substance dissolved in the 
solution, it is important that the cathode surface in contact with the liquid 
should be large; hence in this case a large cathode surface and a low current 
density are used. If it is desired to work at a high overvoltage, however, a 
high current density is required in order to reach it; a cathode with a small 
surface is then chosen. 

The electrolytic reduction of nitro-compounds is important both from 
theoretical and practical aspects, because various intermediate products 
can be obtained before the final product, the corresponding amine, is pro¬ 
duced. In the electrolytic reduction of nitrobenzene a distinction must be 
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drawn between primary and secondary reduction products. The primary 
reduction process takes place as follows: 

CjHjNOj —* C,H»NO —> CjHjNHOH —> C 6 H 5 NH . 

nitrobenzene nitroso- phenyl hy- aniline. 

benzene droxylamine 

Nitrosobcnzene may be produced presumably, from phenyldihydroxylamine 
C 6 H 6 N(OH) 2 . formed initially. 

The presence of nitrosobenzene can be demonstrated by adding hydroxylamine 
to the liquid, when it reacts with the elimination of water and the production of 
benzenediazonium hydroxide C,H 5 N,OH, which can be coupled subsequently with 
a-naplithol giving an azo-dyestuff; phenylhydroxylamine can be detected by allowing 
it to condense with benzaldehyde to give benzalphenylhydroxylamine: 

C 0 H S NHOH + C.HjCHO —C,H J -N=CH-C e H s + H f O . 

O 

Nitrosobenzene can also be prepared by reducing nitrobenzene with zinc dust and 
water or by the oxidation of aniline with persulphuric acid (H 2 SO s ). 

When nitrobenzene is reduced in dilute sulphuric acid solution (alcohol 
being added to dissolve the nitrobenzene, which is only very slightly soluble 
in dilute sulphuric acid), at a lead cathode with the current strength so 
chosen that the reduction takes place rapidly, aniline is obtained in a yield 
of about 90 % of the theoretical. 

If the solution is strongly acid, however, the phenylhydroxylamine is 
rapidly converted into />-aminophenol, which cannot be reduced further: 

C 6 H 6 NHOH —> HOC 0 H,NH 2 ’ 

consequently, even in dilute acid solution the theoretical yield of aniline 
is not obtained, since some of the phenylhydroxylamine formed as an 
intermediate will be transformed into aminophenol. 

For the preparation of phenylhydroxylamine the reduction is carried 
out in acid solution to which sodium acetate has been added to reduce the 
hydrogen-ion concentration and a platinum or nickel cathode is used. At 
the potential maintained by this cathode, the phenylhydroxylamine is not 
reduced further. 

Two other secondary reactions occur in alkaline solution: 

1. Azoxybenzene (243) is produced by the action of phenylhydroxyl¬ 
amine on nitrosobenzene: 

c 6 h 5 nhoh + c 6 h 5 no —> c*h 5 n=nc 6 h 6 + h 2 o 

▼ 

o 

phenylhydroxylamine nitrosobenzene azoxybenzene. 

In the presence of alkali, this reaction takes place much more rapidly than 
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the reduction of phenylhydroxylamine to aniline, so that the latter is 
produced only in very small amounts. On the other hand, further reduction 
products of azoxybenzene, particularly hydrazobenzene, are formed. 

2. Hydrazobenzene rapidly reacts with any nitrobenzene still present, 

giving azobenzene and azoxybenzene: 


3 C 6 H s —N—N—C 6 H j + 2C 8 H 6 NO, 

I I 

H H 

hvdrazobcnzerie nitrobenzene 


5 C c H 5 N=NC 6 H 5 + c,h,n=nc,h 5 + 3 h 2 o 

6 

azobenzene azoxybenzene. 


Further, hydrazobenzene is converted very easily into azobenzene by 
the action of atmospheric oxygen, so that excellent yields of azobenzene 

can be obtained. 

Reduction of hydrazobenzene to aniline occurs at a cathode potential 
which is about 0.5 volt more negative than the potential at which phenyl¬ 
hydroxylamine is produced; even then the formation of aniline is very 
slow. Consequently hydrazobenzene can be obtained as the final product 
from electrolytic reduction in an alkaline medium. 


C,H s NOj 



HOC,H 4 NHj. 


In the reaction scheme (Haber) given above, the vertical arrows show 
the primary electrolytic reductions and the slanting arrows the secondary 
processes. 
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(ix) DIAZONIUM, DIAZO- AND AZO-COM POUNDS 

245. Diazottium compounds, which were discovered by Gkiess (i860), are 
produced by the action of nitrous acid on the salts of primary aromatic 

amines, e.g.: 

(C c HjNHj)CI + ON OH —>- C 6 II 5 N S CI -5- :ll, O 
aniline hydrochloride bcnzonccliazonhun chloiid*\ 


The diazonium compounds arc of very great importance; they are employ¬ 
ed as intermediate products in the preparation of many benzene derivatives 
and azo-dyestuffs. "Diazotisation” is carried out as follows: 

1 Mol. of aniline salt is dissolved in mineral acid, which must be present 
in excess (at least 2-2.5 equivalents). To this solution is then added drop 
by drop with stirring and cooling, a concentrated aqueous solution of 1 mol. 
of sodium nitrite. Since the diazonium salts decompose easily, the tempera¬ 
ture of the reaction mixture must be kept at about o'. 1 he reaction takes 
a bimolecular course and is exothermic; the reaction velocity increases on 

the addition of an excess of strong acid. 

The simple diazonium salts are colourless, crystalline compounds, which 
are readily soluble in water, sparingly soluble in alcohol and glacial acetic 
acid and insoluble in ether. As a rule they are not isolated in the solid 
state, because many of them are then extremely explosive and also because 
the aqueous solution may be used for conversion into other products. 


If it is desired, for example, to isolate benzenediazonium nitrate, in the solid form, 
aniline is dissolved in dilute nitric acid and nitrous gases are passed into the solution. 
The diazonium nitrate separates out in the crystalline form on adding alcohol and ether. 

An example of a diazonium salt, which is difficultly soluble in water, is the internal 
salt” of benzenediazoniumsulplionic acid, which is produced by introducing a mixture 
of aqueous solutions of sulphanilic acid (241) and sodium nitrite into dilute sulphuric 
acid. This compound, which is relatively stable, must be considered as an amphoteric 
ion. (Compare betaine, 195): 


H 2 NC 0 H,SO 3 H —> HONjCgHjSOjH —> + N 2 C e H 4 S0 3 -. 

This compound is important for the preparation of azo-dyestuffs (see helianthin 255). 

Diazonium compounds are decomposed by light. Use is made of this fact in the 
manufacture of light-sensitive paper, in which the sensitive layer contains, for example, 
diazonaphtholsulphonic acid and a phenol. After exposure to light, the paper is 
developed by treatment with moist air containing ammonia. As a result of the alkaline 
reaction, undecomposed diazo-compound couples with the phenol; thus the unexposed 
portions are coloured. 

Structure of diazonium compounds. They have the character of salts and 
are similar to ammonium and alkali salts. Aqueous solutions of diazonium 
chlorides, nitrates and sulphates are strongly ionised, as appears from the 
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determination of the conductivity; they react neutral. The carbonates react 
alkaline in solution like alkali carbonates. It follows that the diazomum 
salts must be ionised according to the scheme C 6 H 6 N 2 + and Cl . Like 
ammonium salts, diazonium salts also form platinum and gold double salts 
with the formulae (C 6 H 5 N 2 Cl) 2 PtCl 4 and (C 6 H 6 N 2 C 1 )AuC 1 4 , respectively, as 
well as perchlorates. It is therefore assumed that a pentavalent nitrogen 
atom is present in diazonium salts, this being the reason for their basic 
properties. The grouping N 2 is attached to a carbon atom of the benzene 
ring with one bonding unit only. This follows from a number of reactions 
which diazonium compounds undergo, in which the N 2 grouping is 
replaced by a substituent attached to the benzene nucleus by one bonding 
unit (246). Hence a diazonium salt is represented by the formula 
|-c 6 h 5 —n+ _ x- (Blomstrand, Strecker, Erlenmeyer). 

— Reactions of diazonium compounds. These compounds can undergo various 
reactions. In the first group of reactions the nitrogen is replaced by a 
substituent, which is always attached to the carbon atom to which the 
diazo group was attached originally. A large number of substitution products 
of benzene have been prepared via diazonium compounds, because by this 
means a method is provided for replacing the nitro-group, after reduction 

and diazotisation, by other substituents. 

In the second group of reactions the nitrogen still remains present in 

the molecule. 

+ 

1. Replacement of the group —N=N by a substituent. 

246. 1. By hydroxyl. When an aqueous solution of a diazonium salt is allowed 
to stand, or is warmed, evolution of nitrogen takes place and a phenol is 
formed; 

rC.H.—N+ j ci- + HjO—> C.HjOH + N 2 + HC 1 

III I 

_ N J 

benzenediazonium phenol, 

chloride 

2. By alkoxyl, -OC n H 2n+I . This happens when an alcoholic solution of a 
diazonium salt is heated; at the same time, replacement of nitrogen by 
hydrogen occurs. 

3. By hydrogen. This reaction takes place alongside that mentioned under 
2; in this case benzene or one of its derivatives is produced, while the alcohol 
is oxidised to aldehyde: 

1 ^ C.HsOCjHj + HCl 
CjHjOH + C 6 H 5 N t Cl \ / 

) C fl HjH + N t + CH,CHO + HC 1 . 
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If the benzene nucleus of the diazonium salt contains nitro-groups or 
halogen atoms as substituents, then replacement by hydrogen predominates. 
This is also the case when higher molecular weight alcohols are used: 

0 2 NC 6 H 4 N 2 CI + C,H 4 OH —> OjNCcHj + N 2 + MCI + Cll 3 CllO 
^-nitrobenzene- nitrobenzene acetaldehyde, 

diazonium chloride 

4. By chlorine. When a solution of benzenediazonium chloride is added 
to a warm solution of cuprous chloride in concentrated hydrochloric acid 
(Sandmever), chlorobenzene is produced: 

C 6 H 6 N 2 C 1 + MCI—>c 6 m 6 ci+n 2 . 

If heating the solution is undesirable, copper powder may be used instead 
of cuprous chloride according to Gattermaxn. 

Cuprous chloride or finely divided copper act catalytically; presumably 
a cuprous compound is formed as an intermediate. 

5. For replacement by bromine a solution of potassium bromide is added 
to an aqueous solution of benzenediazonium sulphate containing free sul¬ 
phuric acid. On treating this mixture with cuprous bromide or copper 
powder, bromobenzene is produced with evolution of nitrogen. 

5. By iodine. This replacement already takes place when a solution of 
benzenediazonium sulphate is introduced into a warm solution of potassium 
iodide. 

By fluorine. For this purpose a solution of hydrofiuoroboric acid (HB 1\,1 is added to 
a solution of benzenediazonium chloride. Benzenediazonium borofluoride C. 6 H 5 N 2 Br 4 , 
separates as a crystalline compound. This substance is stable at ordinary temperatures 
but decomposes on warming: 

C„H 5 N 2 BF 4 —> C 6 H s F + BI' 3 + N, . 

Fluorobenzene and many other aromatic fluoro-compounds can be made in this way 
(Baltz and Sen iemann). 

y. By the carbojiitrile group. According to Sandmeyer s method a 
solution of the diazonium salt is added to a solution of potassium cupro- 
cyanide, K 3 Cu(CN) 4 : 

KjCu(CN ) 4 

C e H«N 2 Cl + KCN —> C t HjNjCN-► C,H t CN + N,. 

bcnzenecarbonitnle. 

If heating must be dispensed with, copper powder is added to a cold 
solution of the diazonium salt and potassium cyanide (Gattermann). 

This reaction is of great importance for synthesising aromatic acids, 
which are produced by hydrolysing the carbonitriles. 

8 . By a group containing sulphur. If a solution of potassium xanthate (154) 
is added to a solution of a diazonium salt, the diazonium xanthate separates. 
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C,H,N,C 1 + KSCSOCjHj —> C 0 H s N.SCSOC 2 H 5 4 - KC 1 

bcnzencdiazonium 

xanthate 


C e H 5 SCSOC t H B + n 2 
phenyl xanthate. 


On warming the solution, the diazonium xanthate decomposes with the 
evolution of nitrogen and phenyl xanthate is formed. The structure of this 
compound follows from the formation of benzenesulphonic acid, which is 
produced by oxidation of the xanthate. This is an appropriate method for 
introducing sulpho-groups into benzene derivatives in cases where it is not 
possible to do so by direct sulphonation. 

9. By a group containing arsenic. When di-sodium arsenite and then alkali is added 
to a solution of a diazonium salt, the sodium salt of an arylarsomc acid (223, 249) 
is obtained (H. Bart): 

C 6 H 8 N a Cl + Na.HAsOj—>• C c H s AsO(OH)ONa + N, + NaCl 

sodium phcnylarsonate. 

II. Reactions of diazoninm-compounds with retention of the nitrogen atoms. 

Different kinds of compounds may be formed in this series of reactions: 

a. hydrazines characterised by the grouping —NH—NH 2 . 

b. diazo-compounds 0- n=nx , in which X may be an acid residue, 
an OH-group, or the groupings —NH—C 6 H 5 , —OR or —SR. 

c. azo-compounds <^^ > -n=n- < ^^^ > in which both phenyl nuclei may 
carry substituents. 

247. a. Aromatic hydrazines are produced by gentle reduction of diazo¬ 
nium compounds. The most important hydrazine compound is phenylhydraz- 
ine C 5 H 6 NHNH 2> (E. Fischer, 1875), which has already been mentioned 
as a reagent for carbonyl groups in the formation of hydrazones (see 59) 
and the formation of osazones (see 160). 

Phenylhydrazine hydrochloride is produced by reduction of benzene- 
diazonium chloride with stannous chloride in hydrochloric acid solution: 


C 6 H 5 N«C 1 + 4 H—> C e H s NHNH i HCl 

phenylhydrazine hydrochloride. 

It is difficultly soluble in cold water and practically insoluble in concen¬ 
trated hydrochloric acid. Phenylhydrazine melts at 19.6° to an oily liquid, 
which darkens in colour in the air; it boils at 241 0 with slight decomposition; 
it is poisonous and attacks the skin. Phenylhydrazine is broken down into 
aniline and ammonia by vigorous reduction and is readily oxidised. Phenyl¬ 
hydrazine sulphate can be oxidised with mercuric oxide to a diazonium salt 
but to a large extent oxidation goes a stage further with elimination of 
nitrogen. Phenylhydrazine sulphate is decomposed into benzene, nitrogen 
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and water by warming with alkaline copper solutions. This is an alternative 
method for replacing the amino-group by hydrogen (see 246, 3); in this 
case the amine must first of all be converted into the phenylhydrazine. 

In 237 it was mentioned that methyl phenylhydrazine can be produced 
by carefully reducing nitrosomethylaniline. This compound can also be 
obtained from phenylhydrazine by allowing it to react with sodium and then 
treating the resultant monosodium derivative with methyl iodide: 

Na CH 3 I 

C.HjNHXHj —> C c H,N(Na)NH, —> C fl II s X(CH 3 )NH 2 
phenylhydrazine phenylni.thylhydr.uinc. 

From this it follows that phenylhydrazine contains an amino-group, which 

establishes the structure of this compound. 

Phenylhydrazine is used in the manufacture of many technically important 
products, including antipyrine and its derivatives (323) and some important 

dyestuffs. 

Symmetrical diarylhydrazines, e.g. C 6 H 5 NHNHC 6 H 5 , are known ashydrazo- 
compounds (see 243). 

248. b. Diazo-compounds. In the same way as ammonium hydroxide is 
produced from ammonium salts by the action of alkalis, strongly alkaline 
solutions are produced from diazonium chlorides and silver hydroxide or 
from diazonium sulphates and the equivalent quantity of barium hydroxide. 
It is assumed that these solutions contain diazonium bases e.g. c e H 5 N +oh-. 

_ nJ 

which cannot be isolated, however, because these compounds are so very 
unstable. When caustic soda is added to a solution of a diazonium base, salt 
formation takes place, which is apparent from the fall in the electrical 
conductivity of the solution; a sodium diazotate, e.g. C 6 H 5 N 2 ONa, is formed. 
The diazotates are not very stable but in some cases they can be isolated. 

Since a strong base like benzenediazonium hydroxide cannot react with 
caustic soda to form a salt, it must be assumed that this substance is partially 
converted into benzenediazohydroxide C 6 H 5 —N=N—OH; the latter com¬ 
pound forms a diazotate C 6 H 5 —N=N—ONa, with sodium hydroxide, 
therefore benzenediazohydroxide reacts like a weak acid. When an excess 
of alkali is added, the sodium diazotate passes over into an isomer, which 
can be isolated in the solid form. This is called the iso-diazotate, while the 

initial compound is called the normal diazotate. 

Normal diazotates couple rapidly with phenols in aqueous solution with 

the formation of hydroxy azobenzenes. 

At ordinary temperatures, iso-diazotates either fail to give this reaction 
or they react only very slowly. Ihe free diazohydroxides are very unstable. 
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Only in a very small number of cases has it been possible to isolate diazo- 

hydroxides belonging to the normal diazotates. 

' From the above, it follows that diazonium salts are stable in acid solutions 
(to p H = 3-5), normal diazotates in approximately neutral solutions (p H = 
6.5-8) and iso-diazotates in alkaline solutions (Ph = 8). 

Hantzsch regarded normal and iso-diazotates as cis- and /rans-isomers, in which 
the groups C 6 H 6 and ONa are situated in cis- and trans- positions with respect to the 
plane of the double bond between the two nitrogen atoms of the diazo-group. He 
ascribed the cis-structure to the normal diazotates and called them syn-diazo-com- 
poitnds, and the fraws-structure to the iso-diazotates, which he named anti-diazo- 
compounds. 

In support of this view may be mentioned the existence of three isomeric forms 
of p-methoxybenzenediazonium cyanide. By the action of hydrogen cyanide on £-meth- 
oxybenzenediazonium hydroxide, Hantzsch obtained a cyanide of the composition. 
H 3 C 0 C 8 H 4 N 2 (CN)(HCN)H 2 0 , a colourless crystalline substance, which dissolved in 
water and was ionised in aqueous solution. This substance had the properties of a 
diazonium cyanide. On the addition of alkali a yellow diazocyanide was precipitated 
and this was found to exist in two isomeric forms: 



HjCOC 6 H 4 —N 

N 


+ CN- 


diazonium cyanide 


H,COC,H t -N 

N=C—N 
syn-diazo-cyanide 


HjCOC,H,—N 

N— C=N 
anh-diazo-cyanide. 


An example of the difference in properties of two isomeric forms of adiazo-compound 
is to be found in p-chlorobcnzcnediazo-cyanide . When £-chloroaniline (I) is diazotised 
and potassium cyanide is added to the solution, a yellow diazocyanide (II) is produced, 
which melts at 29 0 and, at ordinary temperatures, in the presence of copper powder, 
nitrogen is split off and the substance is converted into ^-chlorobenzenecarbonitrile. 
This diazo-cyanide must be a syn-diazo-compound, for the groups —CN and C 1 C 8 H 4 — 
are situated close to one another and can react with each other very easily: 


(C1C„H 4 NH 3 )C1 —> ' _ClC e H 4 —N 

I. I N 



KCN 

- > 

II. 


C1C 4 H 4 —N . 

II S' 

N=C—N 


syn- diazo¬ 
cyanide 


C1C,H 4 —CN + N, 
£-chlorobenzonitrile 

C1C 8 H 4 —N 

II 

N—CEEN 


au/t-diazo-cyanide III. 


The syu-diazo-cyanide is readily converted into an isomer melting at 105°, which 
is not decomposed by copper powder at ordinary temperatures. In this substance the 
groups —C-^N and C 1 C 8 H 4 — are in the /raws-position. This compound is the atiti- 
diazo-cyanide (III). 

Thus according to the ideas of Hantzsch, the transformation of diazonium salts 
into hydroxy-compounds may be represented by the following scheme: 


AgOH 


C 8 H 6 —N 

+ C1--► 

C e H 6 —N 

III 


III 

N 


N 


+OH- 



C 8 H 8 —N 
HON 


diazonium diazonium syn-diazo- 

chloridc hydroxide hydroxide 


KOH 

- > C 6 H 4 —N —>• C 8 Hj—N 

KON NOK 

syn- anh'-diazotate. 

diazotate 
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Bamberger considers the normal diazotates as compounds derived from diazo¬ 
hydroxide C c H 4 N=N— OH and the iso-diazotates as derivatives of a nitrosamine 
QH5NHNO, isomeric with the diazo-hydroxide. The hydrogen atom attached to the 
nitrogen atom of the nitrosamine would then be replaceable by metals. 

Diazoamino-compoitnds are produced by the action of primary and second¬ 
ary aromatic amines on diazonium salts in weakly acid solution, in presence 
of sodium acetate: 


C tt H 6 —N , +C1— + H,NC 6 H 5 

III 

N 


C 6 H 5 —N-+C1- + HN-C.Hj 

III I 

N C H, 


C 6 H s —N N— N— C C U 5 + H C1 

I 

H 

diazoaminokenzene. 

C 6 H.—N=N—N—C 6 H 5 + HC1 

I 

CH, 

diazomethylaminobenzcnc. 


They are also obtained by allowing nitrous acid to react on primary 
aromatic amines, e.g. aniline. It may be presumed that benzenediazo- 
hydroxide is first produced and immediately reacts with a molecule of 
aniline: 

hhnc 6 h s 

C 6 H 5 NH 2 + ON OH —> C e H 5 —N=N—OH 4- H 2 0-C 6 H 6 N=N—N—C 6 H 6 + H,0 

H 

aniline benzenediazohydroxidc diazoaminobenzcnc. 


This reaction scheme explains why these compounds are produced on 
diazotisation in a solution, which is insufficiently acid. 

The diazoamino-compounds are yellow, crystalline compounds; they do 
not combine with acids. The hydrogen atom attached to the nitrogen may 
be replaced by metals (Cu, Ag and K). They are converted into diazonium 
salts by the action of nitrous acid in acid solution: 

C«H # N=N—N—C 6 H s + HNOj + 2 HCI —> 2~C 6 H 6 —N“ +C1- + 2H z O 

H _ N _ 

diazoaminobenzene benzenediazonium chloride. 

By treatment with an excess of mineral acid or by heating with aniline 
hydrochloride, diazoamino-compounds are converted into aminoazo-com- 
pounds (see 249). 

Diazoethers are unstable compounds prepared from silver diazotates and alkyl 
iodides at low temperature, e.g .: 

C 8 H 6 —N=N—OAg + CH 3 I —> Agl + C*H 6 —N=N—OCH 3 . 
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Diazo-oxides may be regarded as internal diazo-ethers and in many cases they are 
stable. They are produced by diazotising o-aminophenols : 

NH. N=N-OH N=X 

x r I A VAW _ /y 



OH + ONOH 



OH 



Diazo-oxkles are coloured compounds, which are sparingly soluble in water and are 
not ionised in solution. They couple with phenols only very slowly. 


249. c. Azo-compounds. As regards structure these are related to the 
diazo-compounds. Both nitrogen atoms of the group N=N are, however, 
attached to aromatic nuclei, which may carry substituents. Unlike the 
diazo-compounds they are quite stable. The simplest compound of this 
group, azobenzene, has already been discussed in 243. To this same class of 
azo-compounds belong also the aminoazo-compounds, the hydroxy azo-com¬ 
pounds and their numerous derivatives including the large group of azo¬ 
dyestuffs (253). 

Aminoazo-compounds are produced by the action of diazonium salts on 
tertiary amines, the hydrogen atom in the phenyl group in the para- 
position to the tertiary amino-group reacting: 


C 6 H 6 —N Cl- + \n(CH 3 ). 

Ill 1 \=/ 

_ nJ 

benzenediazonium chloride dimcthylaniline 


C e H 5 N=N<^^p>N(CH 3 ) a + HC1 

dimethylaminoazobenzene. 


In this reaction the grouping -n+ passes over into —N=N—. 

N 


Aminoazobenzene can be obtained from diazoaminobenzene by warming a solution 
of this compound in aniline with aniline hydrochloride: 


HC1 

C 8 H 6 —N=N—N—C 6 H 6 —> CjHjNHj + ( C 6 H 5 —N 

I I 

H L N 

diazoaminobenzene 


Cl —> c 6 h 5 n=nc 6 h 4 nh 2 


aminoazobenzene. 


The diazoaminobenzene is split up by the hydrochloric acid present in the form of 
aniline hydrochloride into aniline and benzenediazonium chloride; the para-hydrogen 
atom in the aniline reacts and aminoazobenzene is produced. 


Hydroxyazo-compounds are obtained by allowing phenols to react with 
diazonium salts in weakly alkaline solution. In such a solution benzene¬ 
diazonium chloride is converted into benzenediazonium hydroxide which 
reacts with phenol to form hydroxyazobenzene: 

KOH 

rC,H s -N _ |C1 —> C,H s N=NOH 4- HC,H t OH 


benzenediazo- 

hydroxide 


C«H*N=NC 6 H 4 OH 

hydroxyazobenzene. 
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Phosphorobenzene C e H 5 P = PC 6 H 5 is produced by the action of phcnvlphosphine on 
phenylphosphinodichlbride ( 223 , 237 ) : 

C 6 H 6 PC1. + H 2 PC 6 H 5 —> C.H 6 1> = I»C*H s 4- 2 HCI. 

It is a pale yellow powder, which is soluble in water, alcohol and ether. 
Arscnobcnzene C 6 H 6 As =AsC 6 H 5 is formed by the reduction of phenylarsinoxide 
C # H 6 AsO with phosphorous acid. It consists of yellow needles, which are converted 
into phenylarsonic acid C # H s AsO(OH), by oxidation ( 223 ). 

THE CONNECTION BETWEEN COLOUR AND STRUCTURE AND THE GENERAL 

PROPERTIES OF DYESTUFFS 

250. For a chemical compound to appear coloured to the eye, it is necessary 
for it to absorb light of a definite colour from white light: the complementary 
colour is then observed (see Table 47). 


TABLE 47 

LIGHT ABSORPTION AND RESULTING COLOURS 


Absorption of the substance in the 

Observed complementary 
colour 

Violet 

4000- 

-4350 A 

Greenish yellow 

Blue 

4350- 

-4800 „ J 

Yellow 

Greenish blue 

4800- 

-4900 „ 

Orange 

Bluish green 

4900- 

-5000 „ 

Red 

Green 

5000- 

-5600 „ 

Magenta 

Greenish yellow 

5600- 

-5800 „ 

Violet 

Yellow 

5800- 

—5950 „ 

Blue 

Orange 

5950 - 

-6050 „ 

Greenish blue 

Red 

6050- 

-7500 „ 

Bluish green 


Colourless compounds show no selective absorption in the visible region. 
It has been found that saturated aliphatic hydrocarbons are completely 
transparent both in the visible and the ultra-violet to 2000 A, i.e. they show 
no selective absorption (compare 13). 

It has already been mentioned (59) that the >c=o group in aldehydes 
and ketones causes selective absorption in the ultra-violet. Carboxylic acids 
and esters absorb in the region of 2300-2000 A, and compounds with the 

group —c=n, >c=s or — n<^° also show absorption bands in the ultra-violet; 

in nitroethane, for example, the maximum absorption lies at 2800 A. 

Witt already observed in 1876 that the colour of coloured organic com¬ 
pounds is connected with the presence in the molecule of certain groups. 
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Fig. 59 - Absorption curves in the 

ultra-violet 

1 = benzene 

2 = naphthalene in hexane 


which he called colour-carrying or 
chromophoric groups. To these 
groups belong, e.g., the azo-group 
_N=N—, the quinonoid group 


/ 


c=c 


O—c 


V_ 


\ 

c 

./ 


=0 



and the nitroso-group —N=0. 
The groups mentioned above as 
causing selective absorption in 
the ultra-violet, may also be con¬ 
sidered as chromophors if the 
idea of “colour” is extended to 

the ultra-violet part of the spectrum. Further, the ring systems of benzene 
and naphthalene are to be regarded as ultraviolet chromophors; in Fig. 5 g, 
1 represents the extinction lo 9 E 
curve for benzene and 2 that for 
naphthalene (solvent hexane). 4 
All these chromophoric groups 
are unsaturated. 

When a molecule contains 

s 

one chromophoric group, the 
absorption band usually lies in 
the ultra-violet; if two or more 
chromophoric groups are pres¬ 
ent, however, in such a posi¬ 
tion that the double bonds are 
conjugated, the selective ab¬ 
sorption is displaced to longer 
wave-lengths and an absorp- 

Fig. 60 . Absorption curves in the 
ultra-violet 

1 = octan- 3 , 6 -dione in hexane 

2 = heptanone -4 in hexane 

3 = butan- 2 , 3 -dione 

4 = pcntan- 2 , 4 *dione 


. 1 I _____• _.-—J r 

5000 4205 3750 3333 3000 2730 2500 2307 2142 P 

Fig. 60 
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tion band occurs in the visible region. An 
instructive example of this is to be found 
in the absorption of ketones and diketones 
(Ramart-Lucas). 

In Fig. 60, 1 represents the extinction 
curve for octan-3,6-dione dissolved in 
hexane, which lies in the ultra-violet and 
almost coincides with curve 2 for heptan- 
one-4 (compare 59); the concentration of 
this mono-ketone in hexane is about double 
that of the octandione. The absorption of 
the dione, in which the carbonyl groups are 
separated by two methylene groups, can 
therefore be expressed as an additive effect 
of the two separate chromophors (CO- 
groups). Butan-2,3-dione, on the other 

hand, in which the grouping — c—c— oc- 

II II 

o o 

curs, shows an absorption band extending 
to the bluish violet region of the visible 
spectrum (curve 3); this substance there¬ 
fore is yellow. The extinction curve 4 for 
pentan-2,4-dione deviates completely from 
curves 1 or 2, indicating that pentan-2,4- 
dione exists mainly in the enol-form (com¬ 
pare table 35 on p. 238). 

251. Alkenes show selective absorption in the region of 2200-2000 A 
(see curve 2, in Fig. 61 for trimethylethene); for 1,5-hexadiene (curve 1), 
where the doubly bound carbon atoms are separated by two CH 2 -groups, 
the absorption lies in the same region as for the alkenes. In isoprene (curve 3) 
and dimethylbutadiene (curve 4), in which conjugated double bonds occur, 
the absorption bands are displaced towards longer wave-lengths. For these 
determinations the unsaturated hydrocarbons were dissolved in hexahy- 
drotoluene. When the molecule of an unsaturated hydrocarbon contains a 
number of conjugated double bonds, as in the fulvenes (289) and the caro¬ 
tenes (308), absorption occurs in the visible region so that such hydrocar¬ 
bons are coloured. 



Fig. 61 . Absorption curves ii 
the ultra-violet 

1 = 1 , 5 -hexadiene 

2 = trimethylethene 

3 = isoprene 

4 = 2 , 3 -dimethylbutadiene-i ,3 


The colour of quinone is caused by the presence of two > 0=0 groups 
conjugated through carbon double bonds. In Fig. 62, curve 1 represents the 
extinction curve for ^-benzoquinone and curve 2 that for o-benzoquinone 
(both in hexane). 
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The dyestuffs themselves, comprising large groups of compounds of very 
varied chemical structure, all contain aromatic ring systems and, in addition, 
log E other chromophoric groups, e.g. 

40 ,------ n 2~i the azo-group or quinonoid 

35 __groups of various types. In 

? Vf many dyestuffs the presence 

30 - 7 of an auxochromicgroup (Witt) 

25 _£_-is necessary besides the chro- 

2 8 / mophoric group; the auxo- 

20 7 chromic groups have basic or 

15 _ l -acidic properties and include 

/, the amino-group, the phenolic 

10 7 / hydroxyl group, the sulpho- 

05 - U- ->7-group and the carboxyl group. 

__The presence of these groups 

^ 6000 5500 5000 4500 4000 3500 3000 2500 2000 3 intensifies the selective absorp- 

Fig- 62. Absorption curves in the ultra-violet tion and displaces it in the 

1 = />-benzo-quinone in hexane .. , , 

' . 1 . , direction of longer wave- 

lengths. In Fig. 63 it may be 
seen that the high absorption maximum of azobenzene lying at 3250 A 
(curve 1), is displaced to 3500 A in the case of />-hydroxyazobenzene 


(curve 2), while />-aminoazoben- 
zene shows a deep and broad 
absorption band with a maximum 
at 4000 A. 

When the absorption band shown 
by a compound is displaced in the 
direction from violet towards green on 
the introduction of a substituent, the 
colour changes from greenish yellow 
towards red, i.e. towards lower fre¬ 
quencies; in such a case, on analogy 
with an expression borrowed from ac- 
coustics, the colour is said to be deep¬ 
ened or the substituent is said to have 
a bathochromic effect. In the converse 
case, the substituent causes a lightening 
in colour or a hypsochromic effect. 



Fig. 63. Absorption curves in the ultra-violet 

1 = azobenzene 

2 = ^-hydroxyazobenzene 

3 = />-aminoazobenzene 


In 82 it is mentioned that “loosely bound" 7r-electrons are associated 
with doubly bound atoms. These 7r-electrons can be brought to a higher 
energy level by absorption of light energy. The necessary light frequency 
for this to occur, is lower than in the case of light absorption by the a-elec- 



251-252 


DYESTUFFS AND DYEING 


405 


trons of the single atom-bond. Since all chromphoric groups contain doubly 
bound atoms, it explains why these groups cause selective absorption in the 
near ultra-violet or visible regions. The a-electrons of the single bond can 
be brought to a higher energy level only by light of very high frequency; 
consequently saturated compounds (alkanes) show selective absorption only 
in the extreme ultra-violet (below 2000 A). 

Auxochromic groups contain atoms possessing one or more lone pairs of 
electrons (28) (N, O, S); as a consequence, the number of possible mesomeric 
states is greater, which results in the selective absorption being intensified 
(cf. also 275). 

Dyestuffs and dyeing 

252. The use of coloured materials for dyeing domestic articles, especially 
woven fabrics, can be traced back to prehistoric times. In order to be of 
use for dyeing textile goods, a compound must not only possess a sufficiently 
intense colour, but it must also attach itself to the fibre. It must not be 
removed by washing, i.e. it must be wash-fast and it must not be bleached 
by sunlight, i.e. it must be light-fast. The attachment of the dyestuff to 
the textile fibres is brought about by the auxochromic groups in many 
kinds of dyestuffs. Thus there are basic dyes containing one or more N 112- 
groups or R 2 N-groups and acid dyes containing one or more acid groups 
like —COOH, —S 0 3 H or phenolic —OH. 

Animal fibres, of which wool and silk are the most important, consist 
of proteins having an amphoteric character; these fibres can therefore com¬ 
bine with both acid and basic dyestuffs. It has been found that wool and 
silk take up acid dyes in the ratio of their equivalent weights as acids 
independent of the chemical nature of the dyestuff. Hence, with respect to 
acid dyestuffs, the animal fibre behaves like a base (K. H. Meyer). 

Vegetable fibres, to which belong cotton, flax, hemp and jute, consist of 
cellulose, while artificial fibres may consist of regenerated cellulose or one 
of its derivatives, e.g. acetate silk. In all these fibres the dyestuff can be 
retained only by absorption or by solid solution unless the fibre has been 
pretreated with a fixing agent. 

Cotton fabrics can be dyed directly only by certain kinds of dyestuffs. 
In this case it is mainly absorption which occurs. The benzopurpurins (283) 
belong to these direct or “substantive" dyes for cotton, which usually possess 
colloidal properties. In all other cases where the dyestuffs have no substan¬ 
tive properties, the cotton fabric must be pretreated before dyeing with 
a fixing agent or “mordant"; mordants are usually composed of salts of 
weak bases. The fabric is steeped in a solution of an easily hydrolysable 
metal salt, e.g. the acetates of Al, Fe 111 , Cr m or Sn™, and then treated 
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with superheated steam. The colloidal, basic metal salts so produced, attach 
themselves firmly to the fibre. When fabric treated in this way is dyed, an 
insoluble complex compound of dyestuff and metal oxide is formed. Many 
azo-dyestuffs are used as mordant dyes, as is also alizarin (283). Two other 
methods of dyeing, in which the dyestuff is produced on the fibre, depending 
respectively, on the use of certain azo-dyestuffs, as “developed dyestuffs” 
(see 253), and on the use of vat dyes (see 316), are of great importance. 

A zo-dyestuffs 

253. The simplest azo-dyestuffs are azobenzenes in which some of the 
hydrogen atoms are replaced by amino-, sulpho- or hydroxyl-groups. An 
important group of azo-dyes are naphthalene derivatives obtained by 
coupling naphthols or naphthylamines (281) with diazonium salts. 

When a diazonium salt is allowed to react with an aromatic amine or a 
phenol, a basic dyestuff is produced in the former case and an acid dyestuff 
in the latter. In the formation of hydroxyazo-dyestuffs coupling occurs 
mainly at the ^ara-position of the phenol. Coupling in the or//io-position 
does not usually occur in benzene derivatives, and when it does, only to 
a slight extent, but it takes place to a larger extent with naphthalene 
derivatives. This method of coupling can be varied very widely, since practic¬ 
ally all diazonium salts can be made to react with the most varied substituted 
anilines or naphthylamines and phenols or naphthols. 

For the preparation of aminoazo-dyestuffs an aqueous solution of the diazonium 
chloride is mixed with a solution of the salt of the aromatic amine to be coupled e.g. 
dimethylaniline or m-phenylenediamine, and the dyestuff is precipitated by the addi¬ 
tion of salt (salting out). 

For the preparation of hydroxyazo-dyestuffs a solution of the diazonium chloride 
cooled in ice, is slowly added drop by drop to an alkaline solution of the phenol or 
naphthol or one of their sulphonic acids. The solution must always remain alkaline 
otherwise the liberated hydrochloric acid will hinder the formation of dyestuff; when 
coupling is complete the dyestuff is precipitated by adding salt. 

Basic azo-dyes 

254. Aniline yellow, p-aminoazobenzene (see 249) the simplest basic azo-dyestuff 
colours the fibre yellow but has now been superceded by other yellow dyestuffs. 

Chrysoidine, diaminoazobenzene is produced from benzenediazonium chloride and 
nj-phenylenediamine: 

<Q, N = N 

NH 
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This dyestuff is used as a mordant dyestuff, the HO- and COOH-groups in the 
ortho -posit ion form a complex compound with the metal oxide. Many o-hydroxyazo- 
dyestuffs are used as mordant colours, a complex compound of the type (II) being 
formed, in which bonding occurs between the metal atom M and the nitrogen atom 

(compare complex salts of amino-acids 194)- 

Orange II or $-naphthol orange (III) is produced from diazotised sulphanilic acid 

and p-naphthol (281): 

HO HO 




Nitraniline red (Para Red, (IV) is an example of a developed dyestuff. It is insoluble 
and is therefore formed directly on the fibre by first impregnating the latter with 
an alkaline solution of ( 3 -naphthol, and subsequently treating the dried fabric with a 
solution of diazotised p-nitraniline. This type of dyestuff is also known as an ice colour, 
from the use of ice in the bath of diazotised amine. 


Important developed colours (ice colours) are obtained by steeping the 
fabric in an alkaline solution of the anilide of 2,3-hydroxynaphthoic acid 
(V)—which is known technically as Naphthol ^ 4 S—and then coupling the 
prepared cloth with a diazocomponent; thus with diazotised £-amino- 
diphenylamine (VI), a blue mono-azo-dyestuff is produced. 




Congo red, which dyes cotton without a mordant like the benzopurpurins, is the 
sodium salt of the acid produced from tetrazotised benzidine (243) and naphthionic 
acid (281): 




I he free acid is blue in colour so that the red colour of Congo red is changed to blue 
by mineral acids (use as indicator). 

The benzopurpurins are derivatives of congo red, in which each of the benzene 
nuclei in the benzidine group carries methyl groups; they are less sensitive to acids 
than congo red. 


Azo-dyestuffs, as derivatives of azobenzene, are split up into amino- 
compounds by powerful reducing agents like tin and hydrochloric acid. 
Aminoazobenzene gives aniline and />-phenylenediamine: 



c # h 6 nh s 



c,h 4 


NH, ( 1 ) 
NH, (4). 


C«H s N=NC(H 4 NH, 
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Reductive fission of these dyestuffs is a means of determining their 
structure and the way in which they have been obtained. For example, 
if on reduction there is obtained a mixture of equivalent quantities of di- 
and tri-aminobenzene, then the structure is H 2 NC 6 H 4 N—NC 6 H 3 (NH 2 ) 2 , 
since the molecule splits at the azo-double bond. From this it may be 
concluded that the dyestuff must be obtained from diazotised diamino- 
benzene coupled with a second molecule of diaminobenzene. 

(a) aromatic alcohols 

256. These compounds are derivatives of toluene or its homologues con¬ 
taining a hydroxyl group in the alkyl side-chain. Hence they contain the 
group —CH 2 OH and show the characteristic properties of primary alcohols. 
These aromatic alcohols can be oxidised to the corresponding aldehydes and 
carboxylic acids; they can form ethers and esters. On the other hand, they 
are not like phenols; they are not soluble in alkalis and they do not give the 
colouration with ferric chloride characteristic of phenols. 

Phenylmethanol or benzyl alcohol C 6 H 5 CH 2 OH, the simplest compound of 
this series, occurs in Peru- and tolu-balsams and, both as the free alcohol 
and as the acetate, benzoate and cinnamate esters in oil of jasmine and 
other essential oils. 

Benzyl alcohol is obtained by heating phenylchloromethane (benzyl 
chloride) with aqueous potassium carbonate: 

H O K CO 

2C 6 H 5 CH 2 C1 —-- -—►2C 6 H 6 CHjOH -f 2KC1 + CO, 

benzyl chloride benzyl alcohol 

or by treating benzaldehyde (257) with concentrated potash (Cannizzaro 
reaction): 

KOH 

2C 6 H 5 CHO —> C,H 5 CH 2 OH + C,H,COOK. 
benzaldehyde benzyl alcohol potassium benzoate. 

Benzyl alcohol is a liquid boiling at 206° and is sparingly soluble in water; 
it, and some of its esters, are used in the perfumery industry. It is converted 
into resinous products by concentrated sulphuric acid. 

Phenylethyl alcohol C g H 5 CH 2 CH 2 OH occurs in oil of roses and is prepared commer¬ 
cially by reduction of ethyl phenylacetate with sodium and alcohol: 

4 H 

C e HjCH,COOR —> C 6 HjCH,CH 2 OH + ROH 
or from phenylmagnesium bromide and ethylene oxide: 

C e H 6 MgBr + CH 2 —CH ,—> C 8 H 6 CH 2 CH,OMgBr —> C 6 H 5 CH,OH. 

\o/ 
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This alcohol is a colourless liquid, boiling at 117 0 at 25 mms. pressure and is used 
in the perfumery industry. 

Saligenin c.Hj ^ ° H (l) , is an example of a phenol which is also an aromatic 

/ CH 2 OH ( 2 ) 

alcohol. It is soluble in alkalis, gives a colour reaction with ferric chloride and melts 
at 8 >°. It occurs in the form of a glucoside (179)' salicoside or salicin, C 13 H 18 0 7 , in 
the leaves and bark of the willow (Salix helix); salicin is split up into saligenin and 
glucose by hydrolysis: 

0 —OH + C 8 H ls O # 

CHjOH 

saligenin glucose. 

Oxidation of salicin with dilute nitric acid gives the glucoside of salicylaldehyde (258), 
which is called helicin. Hence there is a primary alcohol grouping CH a OH in salicin. 

(Xl) AROMATIC ALDEHYDES AND THEIR DERIVATIVES 

257. The most important and simplest compound of this series, benzaldehyde 
or phenylmethanal C 6 H 5 CHO, was discovered by Liebig and Wohler (1832), 
who isolated it from oil of bitter almonds in which it is present in the form 
of amygdaloside or amygdalin (179) and from which it is obtained by hydrolysis. 
Benzaldehyde can be prepared by various methods: 

1. By heating phenyldichloromethane or benzal chloride with water and 
calcium carbonate: 

hoh ^o 

C.H.CHClj + -► C,H 5 C + 2 HCI + H t O. 

HOH \H 

2. By oxidising toluene with manganese dioxide and sulphuric acid (with 
copper sulphate as catalyst). In this case benzoic acid is also produced but 
if toluene is oxidised with chromyl chloride (Cr 0 2 Cl 2 ) the oxidation proceeds 
no further than the aldehyde: 

20 ^o 

C,H & CHj —► C e H 6 C 

\H 

In these methods of preparation, benzaldehyde is obtained in a pure state 
from the crude reaction product by treatment with sodium bisulphit evolution. 

Benzaldehyde is a liquid with an odour of bitter almonds, which boils at 
179 0 , has a specific gravity of 1.054 a * *4° ai *d is only slightly soluble in 
water. It has most of the properties of an aliphatic aldehyde; it is easily 
oxidised, reduces ammoniacal silver solution, adds on sodium bisulphite 
to form a crystalline compound, adds on hydrogen cyanide and hydrogen, 
and gives an oxime and a phenylhydrazone (59). In some properties it, 
differs, however, from the aliphatic aldehydes (60) for, with ammonia 


O C 8 H 11 0 6 + H t O 
— CH.OH 

salicoside 
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hydrobenzamide (C 6 H 5 CH) 3 N 2 , is formed from three molecules of benzalde- 
hyde and two of ammonia: 

C.H,CH N\ 

3 C 6 H 5 C + 2H3X —CH-C.H, 4 - 3H.0 
\H C 0 H 5 CH 

benzaldehydc hydrobenzamide. 

A characteristic reaction for aromatic aldehyde occurs in their behaviour 
towards alcoholic potash when they undergo the Cannizzaro reaction (61). 

The striking fact that benzaldehydc docs not reduce Fehling’s solution is probably 
caused by the benzaldehydc being rapidly converted into benzyl alcohol and potassium 
benzoate by the alkaline solution. 

Aiomatic aldehydes easily condense with dimethylaniline or phenols to 
give derivatives of triphenylmethane (273): 

H C 6 H 4 OH /C,H,OH 

C.HjCH O + —>■ C t H,CH + H, 0 . 

H C,H,OH \C e H 4 OH 

Benzaldehyde reacts very easily with aniline. When equal volumes of the 
two substances are mixed and gently warmed together, water separates 
in tiny droplets and benzylideneaniline, which crystallises when the mixture 
is cooled, is formed: 

C 6 H 5 CHO + HjNC 6 Hj-> C 0 H 6 CH = NC 6 H 6 + H z O. 

Benzoyl chloride (260) is produced by treating benzaldehyde with chlorine 
at the boil. 

Benzaldchydephenylhydrazone is produced by warming benzaldehyde with a solution 
of phenylhydrazine in sulphurous acid. It is a pale yellow, crystalline compound 
melting at 152 0 , which is converted into a scarlet modification by violet and ultra¬ 
violet light and reverts again to the yellow modification in yellow or green light 
(phototropy). 

Aromatic aldehydes undergo self-condensation on warming with potassium 
cyanide solution, which acts catalytically, to form ketonic alcohols', benzoin 
is produced from benzaldehyde: 

KCN 

C.HjCHO + OHCC t H 6 -> C 6 H 5 CH(OH) C O C 0 H 5 
benzaldehyde benzoin. 

Benzaldehyde is oxidised by atmospheric oxygen. In this reaction, the classical 
example of autoxidation, benzaldehyde takes up a molecule of oxygen and is thereby 
converted into perbenzoic acid, which then decomposes into benzoic acid and oxygen 
in an activated form. This oxygen may then oxidise another molecule of benzaldehyde 
to benzoic acid, or it may oxidise another oxidisable substance, if present. Jorissen 
introduced benzaldehyde and indigosulphonic acid (a blue coloured compound) into 
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a closed vessel containing air. It was found that the oxygen content gradually decreas¬ 
ed and that the oxygen was taken up for the oxidation of benzaldehyde and also for 
the oxidation of the indigosulphonic acid, which was thereby converted into a colour¬ 
less product. Under these same conditions indigosulphonic acid was not oxidised. 
Hence the benzaldehyde acts as an “oxygen activator’’: 

H 

C 6 H 5 C = 0 + Oj—>■ C e H 5 COOOH -f indigosulphonic acid—>■ 

pcrbcnzoic acid 


C # Hj,COOH -f- oxidation products of indigosulphonic acid. 

The autoxidation of benzaldehyde may be represented then as follows: 

C,HjCHO + O, —> C 6 H 6 C—OOH + C 0 H,CHO —► 2C 6 H 6 COOH 

II 

o 

pcrbcnzoic acid benzoic acid. 

When per ben zoic acid (m.p. 42-43 0 ) is added to an equivalent amount of benzalde¬ 
hyde, it first of all dissolves and then the mixture soon becomes a solid mass of pure 
benzoic acid (A. v. Baeyer). The oxidation of benzaldehyde is probably influenced 
catalytically by traces of iron. 

The oxidation of benzaldehyde to benzoic acid is greatly retarded by the addition 
of quinol (e.g. i/ioooth parts, by weight). Catechol and pyrogallol have the same effect 
and not only on benzaldehyde but on other oxidisable substances like linseed oil and 
turpentine. Moureu and Dufraisse, who discovered this phenomenon, called the 
substances, which exert this retarding action, antioxidants ; in some cases, sodium 
iodide can act as an antioxidant as well as phenols. 


Substituted, aldehydes 

258. m-Nitrobenzaldehyde C 8 H 4 (CH0)N0 2 -i, 3, is the chief product formed in the 
nitration of benzaldehyde, about 20 % of o-nilvobenzaldchyde being produced as a 
by-product. The latter can be made more conveniently by oxidising o-nitrotoluene 
with manganese dioxide and sulphuric acid. On irradiation, o-nitro benzaldehyde is 
rapidly converted into o -nitrosobenzoic acid : 

/NO a /NO 

C 8 H 4 ‘ —> C 6 H 4 

\CHO \COOH 

o-nitrobenzaldehyde o-nitrosobenzoic acid. 


Toluylaldehydes. Homologues of benzaldehyde can be prepared by the 
action of carbon monoxide and dry hydrogen chloride in the presence of 
aluminium chloride or copper chloride on aromatic hydrocarbons (Gatter- 
mann). In this reaction it may be supposed that CO and HC 1 react like the 

/O 

unknown chloride of formic acid hc (cf. the Friedel-Crafts syn¬ 
thesis). In this reaction the aldehyde group enters the />ara-position with 
regard to the alkyl group: 


C'H.CH, + 


/O A 1 C 1 S 
HC —> 

\C1 


hypothetical 
addition product 


C,H 4 (CH s )CHO -1- HCl 
p-toluylaldchydc. 
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Benznldchyde can also be prepared by this method if carbon monoxide (and hydro¬ 
gen chloride) under high pressure is allowed to react at about 70° on benzene in which 
aluminium chloride is suspended. 


Hydroxy-aldehydes are produced in the same way as the homologues of 
benzaldehyde, from phenol, liquid hydrogen cyanide, hydrogen chloride 
and aluminium chloride (Gattermann). Hydrogen cyanide and hydro¬ 
gen chloride together react like the unknown imino-chloride of formic 


^nh 

acid hc . With phenol this forms an aldimide in the form of its hydro¬ 


chloride, which is hydrolysed by boiling water to aldehyde and ammonia: 


^nh 


CjHjOH + HC 


I 



N'Hj 


phenol hypothetical aldimide hydrochloride />-hydroxy benzaldehyde. 

addition product 


This method can also be applied to phenyl ethers when benzaldehydes 
substituted with alkoxy-groups are produced. 

Hydroxy-aldehydes can also be obtained by the method of Reimer and 
Tiemann by heating phenols with chloroform and alkali. In this case, 
o -hydroxybenzaldehyde is produced along with a small amount of the para- 
isomer, from phenol. 

Salicylaldehyde, which occurs in the volatile oil obtained from species 
of spirea, can be made synthetically by this method: 


✓ V 


OH + CHC1, + KOH 



2 KOI I 


OH 


CHCI 


> V J >OH + 2KC1 + Ha ° 


phenol 


CHO 

salicylaldehyde. 


Salicylaldehyde is a pleasant smelling liquid boiling at 196° and melting 
at i.6°. It gives a violet colouration with ferric chloride solution. It is 
used, for example, for the synthesis of coumarins (269, 327). 


I 4 

A nisaldehyde CH 3 OC 8 H 4 CHO, a liquid boiling at 248°, is much used as a perfume 
and occurs in some essential oils. 

Vanillin, the mono-methyl ether of protocatechuic aldehyde, CH 3 OC 6 H 3 (OH)CHO, 
the odiferous principle of vanilla, is prepared from eugenol as follows: 



— CH,CH= 




XH 


iso-eugenol 


vanillin 


eugenol 

Vanillin melts at 8i° and gives a blue colouration with ferric chloride. 

Piperonal or heliotropin is an important perfume having the scent of heliotrope 
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flowers. It is prepared from safrole (226), which is converted by alkali into isosafrole 
from which piperonal is obtained by oxidation: 


CH.-O 



CH 2 CH= 



CH = CHCHj O 



CHO 


Dioeronal. 


Piperonal melts at 37 0 and boils at 263°. Its structure iollows from its formation from 
protocatechuic aldehyde by the action of diiodomethane and alkali: 

+ CH.I; + 2KOH—> H >—< O + 2KI + 2 H, 0 . 

O-CHj 



(Xti) AROMATIC KETONES AND THEIR DERIVATIVES 

259. Aromatic ketones can be divided into mixed aromatic aliphatic ketones 
and purely aromatic ketones. The best known of the former kind is aceto¬ 
phenone, C 6 H 5 COCH 3 and of the latter, benzophenone, C 6 H 5 COC 6 H 5 , which 
are produced, respectively, by heating a mixture of calcium acetate and 
calcium benzoate and by heating calcium benzoate: 

2(C,HjCOO) 2 Ca + (CHjCOO)jCa —>- 2 C 8 H 5 C O CH S + 2CaCO a 

acetophenone 

(C 6 H $ COO)2Ca->C,H 6 COC,H s + CaC 0 3 

benzophenone 

or by the action of aliphatic or aromatic acid chlorides respectively on aro¬ 
matic hydrocarbons in the presence of an equivalent quantity of anhydrous 
aluminium chloride (Friedel and Crafts; 218): 

C 8 H 8 + C 8 H 5 COCl—> C 8 H 6 COC 8 H 8 + HCl 

benzophenone 

C 8 H 8 -f CH s COCl—>■ C 8 H 8 COCH s + HCl 

acetophenone. 

When aluminium chloride is added to one of these acid chlorides, crystalline addition 
compounds, e.g. (CH 3 COCl)AlCl 3 and (C # H 6 COCl)AlCl 3 , are produced. These addition 
compounds react with benzene with the elimination of hydrogen chloride and the 
formation of an addition compound of the ketone with aluminium chloride: 

(C 8 H,COCl)AlCl 3 + C e H e —► (C 8 HjCOC 8 H s )A 1C1 3 + HCl. 

These new addition compounds are decomposed by water giving quantitative yields 
of ketones, e.g. benzophenone (BOeseken, Perrin; compare 218). 

Acetophenone can also be prepared by warming benzene with acetic 
anhydride and aluminium chloride. 
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Another method for the preparation of mixed aromatic ketones consists 
of allowing an acyl chloride, e.g. benzoyl chloride (260), to react with an 
alkylmagnesium halide: 

C 6 H 5 COCl + R Mg Cl + —> C ,HjCOR -f MgCl 2 . 

Acetophenone melts at 20°, boils at 200°, is very sparing soluble in water 
and has a smell of hay. 

The carbonyl group in aromatic ketones has the same properties as in 
aliphatic ketones; on reduction, aromatic ketones are converted into the 
corresponding alcohols. In the reduction of benzophenone, 1,1,2,2-tctra- 
phenylethane-J,2-diol or benzpinacone is also formed: 

2 H 

C 6 H 4 COC 0 H 6 —>- C 6 H 4 (CHOH)C,H s + (C 6 h 5 ) 2 c — C(C 6 H 6 )j 

benzophenone diphcnyJmcthanol or HO OH 

diphenylcarbinol benzpinacone. 

Benzophenone occurs in two modifications, the metastable form melting 
at 27 0 and the stable form melting at 40°. 

On fusion with potash it gives benzene and potassium benzoate: 

C,H 5 COC 6 Hj + KOH —C 6 H 6 + C 6 H 5 COOK. 

Aromatic oximes are produced by allowing hydroxylamine to react with 
aromatic aldehydes or ketones: 

C 6 HjCOC,H 5 +NH : OH —> (C a H 5 ) 2 C=NOH 4 - h 2 o. 

Some aromatic oximes occur in stereoisomeric forms, e.g. benzaldoxime. 

No isomeric forms of benzophenoneoxime are known; if, however, one of 
the phenyl groups carries a substituent, two ketoximes are obtained (com¬ 
pare 140). This is found for example, with the oximes from mono-chloro- 
and mono-bromo-benzophenone, from tolyl phenyl ketone, CH 3 C 6 H 4 COC 6 H 5 , 
and from anisyl phenyl ketone, CH 3 OC 6 H 4 COC 6 H 5 . 

According to stereochemical theory cis- and /raws-isomers are also possible 
in aldoximes; in many cases, two isomeric forms have been found, which 
are termed syn- or ««/f-aldoximes in accordance with a suggestion of 
Hantzsch depending on whether the H and OH lie on the same or on 
different sides of the plane of the >C=H— double bond: 

C-H.C—H C 6 H 6 C— H 

II I 

N—OH HO—N 

syrt-form and anti-form of benzaldoxime. 

For determining the configuration of the two stereoisomers, initially a method given 
by Hantzsch was used. By treatment with acetic anhydride at ordinary temperature 
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both forms of benzaldoxime gave an acetyl compound. One of the acetyl compounds 
was converted into benzonitrile C a H 6 CN, on treatment with dilute alkali, acetic acid 
being split off as sodium acetate, and was therefore assigned the syn- con figuration, 
because it was assumed that the groups H and CH 3 COO- would easily form acetic 
acid when in the eis-position to one another. Benzaldoxime was reproduced when the 
other acetyl compound was treated with dilute alkali, therefore it was assigned the 
anti -con figuration. 

From the following example it would appear that this method of determining 
configuration may lead to erroneous conclusions (Brady; Meisenheimer). By the 
action of hydroxylamine on 2-chloro-5-nitrobenzaldehyde, a 2-chloro-5-nitrobenzal- 
doxime melting at 152 0 is obtained. This “a-form” is partially converted into the 
“( 3 -form” melting at 172 0 by the action of hydrogen chloride in ethereal solution. 
This reaction is reversible. The [ 3 -form is not formed by the action of hydroxylamine 
on 2-chloro-5-nitrobenzaldehyde and hydrogen chloride is very easily eliminated from 
it by the action of dilute alkali, with the production of an isoxazole derivative II, 
which passes over into the isomeric 2-hydroxy-5-nitrobenzonitrile: 



On these grounds the a«/i-configuration I is assigned to the ( 3 -form, which gives an 
acetyl compound IV on treatment with acetic anhydride, from which, in its turn 
2-chloro-5-nitrobenzonitrile V is produced by the action of dilute alkali. Thus the 
H- and CH 3 COO- groups situated in the trans-position are split off as acetic acid: 



°'f j - ?r H 

WCI N—OH 
VI 


< - 

Na,CO, 


0, T V'“ H 

V/Cl NOOCCH, 
VII. 


The a-form of 2-chloro-5-nitrobenzaldoxime is unattacked by dilute alkali or is 
attacked extremely slowly; this form therefore has the syn-con figuration VI. The 
a-oxime can be recovered from its acetyl derivative VII by the action of soda 
solution at ordinary temperatures; hence the H- and CH 3 COO-groups are not split off 
as acetic acid. 

In the Beckmann transformation of ketoximes (59), it appears, in many cases, that 
the reaction does not take place in such a way that the cis-groups interchange (scheme I): 



II 

N— OH 


R,—C—OH 

II 

N—R, 



R*—C =0 
H—N— R, 


but a transformation occurs in which groups situated in the /rans-position exchange 
places (scheme II): 


II 

N—OH 


HO-C-R, 

II 

NRj 



II. 


0=0—R, 

H—N—Rj. 
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(. xiii ) AROMATIC CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


Mono-carboxylic acids of benzene and its homologues 


260. Benzene carboxylic acid or benzoic acid C 6 H 5 COOH, is the simplest 
aromatic acid. It occurs in small quantities in gum benzoin, which also 
contains 12-18 % of esters of benzoic acid, in tolu- and Peru-balsams. 
Benzoic acid was isolated from gum benzoin as early as 1755 by Scheele 
and was more closely investigated by Liebig and Wohler and by Mn- 
scherlich in 1832. It may be prepared in various ways as follows: 

I By the oxidation of benzene derivatives with one side-chain like 
toluene, ethylbenzene, benzyl alcohol, phcnylethyl alcohol, etc: 


c 6 h 6 ch 2 oh —>• c,h 5 cooh c c h 6 ch, —> c 6 h 5 cooh. 

benzyl alcohol benzoic acid toluene benzoic acid 

Technically, benzoic acid is prepared by passing chlorine into boiling 
toluene to produce phenyltrichloromethane (benzotrichloride) C 6 H 5 CC 1 3 , 
which is converted into benzoic acid by boiling with water; a little chloro- 

benzoic acid c«h 4 ( , is produced at the same time. 

I COOH 


3 C1. /Cl HOH 

C ACH 3 ->-C 4 H 5 C-C c| + HOH 


C 6 H 5 COOH + 3 HCI + HjO. 


At the present time benzoic acid is made on a commercial scale also 
from phthalic anhydride (266), which is mixed with steam and passed over 
zinc oxide at 450° when it is split up into carbon dioxide and benzoic acid, 
the zinc oxide acting catalytically. 

2. By the hydrolysis of benzene carbonitrile: 

h 2 o 

C 0 H 5 C=N t + HoO —>- C 6 H 5 CON'H 2 - 1 *- C,H s COOH + NH S . 

3. By allowing dry carbon dioxide to react with phenylmagnesium bromide 
and decomposing the addition product with water (66). 

4. By heating bromobenzene with an aqueous alcoholic solution of 
potassium and copper cyanides to 200°. Benzenecarbonitrile is formed as an 
intermediate product, which is hydrolysed directly to benzoic acid. 

h 2 o 

C 6 H 5 Br + KCN — > C,H,CN + KBr —>■ C 0 H 5 COOH + NH 3 . 

Benzoic acid crystallises in colourless leaflets or needles melting at 121.4 . 
It is sparingly soluble in water and more readily soluble in alcohol and 
ether. It is volatile in steam and may be sublimed; it boils at 250°. The 



Percentage of acid 


CH. 9 


418 AROMATIC COMPOUNDS 

dissociation constant of benzoic acid is k = 0.6 X io" 4 ; hence it is a stronger 
acid than acetic acid (68). 

Benzoic acid is used for the synthesis of anthraquinone dyestuffs, (283) as 
well as for other purposes. Sodium benzoate is used as a food preservative 
since it has antiseptic properties like the free acid and is relatively non-toxic. 


The solubility curve for benzoic acid in water in given in Fig. 64. The solubility 
rises fairly rapidly with the temperature to 94 0 (branch AB). At this temperature the 



Fig. 64. Solubility curve for benzoic 

acid in water 


acid melts under water so that two liquid 
layers are formed, an aqueous layer contain¬ 
ing 11.2 % of acid and an acid layer con¬ 
taining 95.9 % of acid. 

As the temperature is increased, both the 
solubility of benzoic acid in water and that 
of water in benzoic acid increases. This is 
represented by the portion of the curve BCD, 
in which BC represents the composition of 
the aqueous layer and DC that of the acid 
layer. The composition of both layers ap¬ 
proach one another as the temperature is 
raised still further, and at 116 0 they are 
identical. At this temperature the liquid 
becomes homogeneous. If more benzoic acid 
is added to the acid-rich layer above 94 0 , the 
temperature must be increased to maintain 


the whole mass molten, the part of the curve 
then traversed is DF, which ends at F the melting point of pure benzoic acid. The 
line DF represents the melting point curve of the acid on the addition of water. 


Benzenecarbonitrile or benzonilrile is the simplest example of an aromatic 
carbonitrile. Besides being prepared by some of the methods used for the 
preparation of aliphatic carbonitriles, such as by the action of phosphorus 
pentoxide on aromatic carbonamides, these compounds can be prepared by 
the methods given below: 

1. By heating the potassium salt of an aromatic sulphonic acid with 
potassium cyanide or potassium ferrocyanide: 

C 0 H 6 SO 3 K + KCN —> C 6 H 5 CN + K,SO s . 

2. By treating a diazonium salt with potassium copper cyanate (155). 

3. By the action of cyanogen bromide on aromatic hydrocarbons—or on 
aryl ethers—in the presence of aluminium chloride: 

A1C1 S 

C 8 H 5 + BrCN —> C,H,CN + HBr. 

The CN-group in aromatic carbonitriles shows the same properties as in 
the aliphatic carbonitriles. On treatment with sodium in boiling alcohol, 
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benzonitrile is partly reduced to benzylamine and partly hydrolysed to 
benzoic acid. Aromatic carbonitriles can be converted into aldehydes 

m/ 

by the method of Stephens (58). 

Benzonitrile is a liquid boiling at 191° and possessing an odour of bitter 
almonds. 

Benzenecarbonyl chloride or benzoyl chloride C 6 H 5 COCI, is an unpleasant 
smelling liquid with m.p. —1° and b.p. 198°. Benzoyl chloride is produced 
by the action of carbonyl chloride on benzene in the presence of aluminium 
chloride: 

c 0 h 5 h 4- cicoci —> cj-i # coci. 

benzine phosgene benzoyl chloride 

It is prepared commercially by chlorinating benzaldehyde. Benzoyl chloride 
is more stable than acetyl chloride towards water and is hydrolysed to 
benzoic and hydrochloric acids only very slowly by cold water. Consequently 
it can be used as a benzoylating agent in aqueous media and is therefore 
an important reagent for introducing the benzoyl radical into hydroxy- and 
amino-compounds. To this end the substance to be benzoylated is shaken 
with benzoyl chloride in a strongly alkaline solution; the benzoyl derivative 
separates and the excess benzoyl chloride passes into solution as sodium 
benzoate (Schotten-Baumann method): 

ROH + C 1 C OCjH 5 + NaOH —>- ROCOC c 1 I 5 + NaCI + IDO. 

RNH 2 + CICOC c H s + NaOH —>- RNHCOC 6 H 5 + NaCI + H, 0 . 

Benzoylations are frequently carried out also in anhydrous media ( e.g . 
pyridine, benzene, etc.). 

Benzamide C G H 5 CONH 2 , m.p. 130°, is produced from carbamyl chloride, 
benzene and aluminium chloride: 

C 6 H 6 II + CICONHj —>- C c HjCO.NH 2 + HC 1 

or from benzoyl chloride and ammonium carbonate or ammonia. The hydro¬ 
gen atoms in the amino-group are more easily replaced by metals than in 
acetamide (78), since benzoic acid is a stronger acid than acetic acid. 

Benzoic anhydride C 6 H 5 CO—O—COC 6 H 5 , is produced by boiling benzoic 
acid with acetic anhydride. 

Methyl and ethyl benzoates. Aromatic carboxylic acids are esterified in the 
same way as aliphatic acids. The methyl ester of benzoic acid C 6 H 5 COOCH 3 , 
is a liquid boiling at 198°, which finds a use in the perfumery industry. 

Benzoyl peroxide C 6 H 5 CO—O—O—COC 8 H 5 , is produced by the action of benzoyl 
chloride on hydrogen peroxide in alkaline solution. It melts at 103°, acts as an oxidising 
agent and is used as a bleaching agent, e.g. for flour. 
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Perbctizoic acid C e H s CO—O—OH. is an example of an organic peracid. It melts at 
41 —] J)U ^ decomposes on heating. The sodium salt of this acid is prepared by 
allowing sodium ethylate to react with benzoyl peroxide: 

C,H 5 CO—O—O—C OC s H s -f NaOC 2 H 5 —>■ C 6 H 5 CO—O—ONa + C 6 H 5 C OOC,H*. 

Perbenzoic acid oxidises compounds containing a double bond by adding ail atom 
of oxygen with the formation of a derivative of ethenc oxide, thus: 

RCH=CHR' + C 6 H 5 CO-O—OH —> RCH-CHR' + C.HjCOOH. 


Substituted benzoic acids 

261. Halogenobenzoic acids. w-Chlorobenzoic acid C 6 H 4 Cl(COOH), is the 
main product formed along with more highly chlorinated acids (which are 
difficult to separate from one another) by chlorinating benzoic acid in the 
presence of ferric chloride as a catalyst. 0- m- and />-Chlorobenzoic acids can 
be prepared from the corresponding amino-compounds via the diazonium 
chlorides. />-Chloro- and £-bromo-benzoic acids are usually obtained by 
oxidising the corresponding halogeno-toluenes (221). Substitution of benzoic 
acid by chlorine increases its acid character, to the greatest extent in the 
ori/jo-compound and least in the ^ara-compound. 

TABLE 48 

SOME PHYSICAL CONSTANTS OF BENZOIC ACID AND ITS MONO-CHLORO- AND 

MONO-NITRO- DERIVATIVES 



M.p. 

Dissociation 
const, k j 


M.p. 

Dissociation 
const, k 

Benzoic acid 
o-Chlorobenzoic acid 

121 ° 

138° 

0.00006 

0.00136 

o-Nitrobenzoic acid 

148° 

0.00620 

i>;-Chloroben zoic acid 

153° 

0.00015 

»i-Nitrobenzoic acid 

141° 

0.000345 

£-Chloroben zoic acid 

234° 

0.000093 

^-Nitrobenzoic acid 

241° 

0.00041 


Nitrobenzoic acids C 6 H 4 (N 0 2 )C 00 H. w-Nitrobenzoic acid is the main 
product along with about 20 % of the ortho -acid and a small amount of 
the para-isoraov, produced in the nitration of benzoic acid with anhydrous 
nitric acid. 0- and />-Nitrobenzoic acids can be prepared by oxidation of 
the corresponding nitrotoluenes. From Table 48 it will be seen that the 
nitrobenzoic acids are stronger acids than benzoic acid. 

Sulphobenzoic acids. m-Sulphobenzoic acid (90 %) and about 10 % of the 
/>arrt-compound are produced in the sulphonation of benzoic acid with fuming 
sulphuric acid. 

The imide of o-sulphobenzoic acid is saccharin, a substance discovered in 
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1879 by Remsen and Fahlberg, which is used as a substitute for cane- 
sugar on account of its extraordinary sweetness (about 550 times sweeter 
than sucrose). Saccharin has no food value since it is eliminated unchanged 
from the body. In the preparation of saccharin, toluene is treated with 
chlorsulphonic acid, H 0 S 0 2 C 1 , to produce a mixture of o- and />-toluene- 
sulphonyl chlorides. The o-compound is converted by ammonia into the 
sulphonamide, which is then oxidised by potassium permanganate into 
o -siilphonamidobenzoic acid, m.p. 155 0 , from which benzoic acid sulphonimide 
or saccharin is produced with the loss of water, when the solution is evapor¬ 
ated down: 


ch 3 


cm 

✓ A, 


toluene 



-f hoso 2 ci 


\ 


o-tolueritsnlphonyl 

chloride 


ch 3 

3 / \ KM11O4 

^SO^NH, - > 


o-sulphonamidc 




SO.NH 


/>-tolu<-ncsnlphonyl chloride 
CO—NH 


so 2 + h 2 o 


o-sulphonamidobenzoic acid saccharin 


Saccharin is a white, crystalline powder, melting at 220°, which is very 
sparingly soluble in cold water and more readily soluble in alcohol and ether. 

On boiling with water it is converted into o-sulphonamidobenzoic acid, 
which is not sweet. 


/CO\ 

The sodium derivative of saccharin C«H 4 NNa , crystallises well and is readily 

soluble in water. This substance is known under the name of kristallose or soluble 
saccharin and is also used as a substitute for sugar. 

Very little is yet known with regard to the connection between taste and chemical 
tructure. Phthalimide (266) (I) is tasteless. Saccharin (II) is very sweet but on replacing 
the second CO-group by S 0 2 a compound ihiosaccharin (III) is produced, which is 
much less sweet and has an astringent and acid flavour (Holleman) : 


C a H 4 NH 
CO/ 



/SO a \ 
C 0 H 4 NH 

\so 2 ^ 

III. 


Other substances are used besides saccharin as substitutes for sugar. Dulcin, a deriv¬ 
ative of urea (151) having the structure given below, is about 200 times as sweet 
as cane-sugar: 


c 4 h 6 o 



NHCONH 


dulcin. 
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In recent investigations by Verkade it has been found that 2-amino-4-nitro- 

NH 3 

n-propoxybcnzenc, o,N<^>OC,H 7 . is about 4000 times sweeter than cane-sugar so 

that this substance can be used as a substitute for sugar notwithstanding its low 
solubility in water. The above mentioned “sweetening agents’’ have nothing in 
common structurally with the saccharides (159)• 

262. Aminobenzoic acids C 6 H 4 (NH 2 )COOH. The or/fto-derivative, anthra- 
nilic acid, is the most important; it has all the characteristics of an amino- 
acid, giving salts with both ac ds and bases. Anthranilic acid was obtained 
in 1841 by Fritzsciie as an oxidation product of indigo (316). It may be 
obtained from phthalimide (266) and sodium hypobromite or bleaching 
powder by the method of Hoogewerff and Van Dorp (78)• In this process, 
the salt of phthalamic acid (the mono-amide of phthalic acid) is formed as 
an intermediate product, which is converted into o-aminobenzoic acid by 
a Hofmann reaction: 


/CO\ 

C r ,Hj NH 

\CO/ 

phthalimide 


CONH, ( 1 ) 

c 8 h 4 

\COOK ( 2 ) 
potassium phthalamate 


/NH, (1) 

c 8 h 4 

\COOH ( 2 ) 
anthranilic acid. 




Anthranilic acid melts at 145 0 , can be sublimed without decomposition, is 
readily soluble in water and alcohol, and has a sweet taste and weak anti¬ 
septic properties. It is used in the preparation of some dyestuffs (see for 
example, 253). 


The methyl ester of this acid has an intense flower-like scent and occurs in essential 
oils, e.g. oil of jasmine. 

p -Aminobenzoic acid (m.p. 187°) is of importance for the preparation of substances 
with local anaesthetic action, e.g. yiovocaine, which is the hydrochloride of diethyl - 
aminoethyl p-aminobenzoate: 

H * N <\ ^>COOCH > CH l N(C > H s ),HCl. 

novocaine 

263. Mono-hydroxybenzoic acids C 6 H 4 (OH)COOH. o -Hydroxybenzoic acid or 
salicylic acid, c # h.^° H ( ° , is the most important compound in this 

\COOH ( 2 ) 

group. The name is derived from salicoside (256). Methyl salicylate, which 
is of some importance as a perfume, occurs in oil of wintergreen. 

Salicylic acid was discovered by Piria in 1838 and was at one time pro¬ 
duced by oxidising saligenin (256) but at the present time it is prepared 
commercially by Schmidt's modification of the Kolbe method (1874), in 
which carbon dioxide under pressure is allowed to interact with sodium 
phenate at 130°. 
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At ordinary temperature and a pressure of about one and a half atmospheres, 
sodium phenylcarbonate is produced, to winch is assigned the formula given below, 
since it is decomposed by dilute acids into phenol, carbon dioxide and a sodium salt 
of the acid employed, c.g. sodium chloride. This sodium plienylcarl>onate may be 
regarded as an intermediate product in the formation of sodium salicylate: 




OXa + CO, 


X X 


OCOONu 


C OONa. 


OH 


sodium phenate 


sodium phenylcarbonate sodium salicylate 


Salicylic acid can also be obtained by the oxidation of o-cresol (230) 
with potassium hydroxide and lead peroxide, by treating anthranilic acid 
(262) with nitrous acid or by fusing o-chloro- or o-bromo-benzoic acid 
with potash. 

Salicylic acid (m.p. 159 0 ) is difficultly soluble in cold water; it is a stronger 
acid than benzoic acid (k = 1.06 x io~ 3 ). It can be sublimed by careful 
heating but it d composes into phenol and carbon dioxide at higher temper¬ 
atures. With bromine water it gives a precipitate, having the structure 
C 6 H 2 Br 3 OBr. With ferric chloride in alcoholic solution, salicylic acid gives 
an intense violet colour. (Phenol is not coloured violet in alcoholic solution 
by ferric chloride.) 

Salicylic acid is used in the preparation of azo-dyestuffs (253). Since the 
acid is a powerful antiseptic and disinfectant, it is used for preserving 
foodstuffs. Many derivatives of salicylic acid are used as drugs, like the 

/OCOCHj(i) 

sodium salt and the acetyl compound, c 6 h 4 , (m.p. 135 ), known 


COOH 


/OH 


under the name of aspirin and the phenyl ester, salol, c 6 h 4 

\cooc 0 h 5 

which is prepared by warming salicylic acid with phenol and phosphorus 
oxychloride. 

With boric acid, salicylic acid gives a complex compound, borosalicylic acid, which 
has been resolved into optically active forms (Boeseken) : 

r x°x /\ 1 


B 


From this it follows, that the substituents around the coordinative tetravalent 
boron atom are arranged tetrahedrally, making two mirror-image forms possible. 
This is an example of molecular asymmetry (37, 92). 

m -Hydroxybenzoic acid melts at 188 0 and does not give a colour reaction with ferric 
chloride. It is prepared on a technical scale by fusing m-sulphobenzoic acid (261) with 
potash and is used in the manufacture of some dyestuffs. 
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acid melts at 213 0 and also fails to give a colour reaction with 


Dihydroxybenzene carboxylic acids C 6 H 3 (OH) 2 COOH. Of these, proto- 
catechnic acid h,c^oh° H $ is the most important. It occurs in the free 

state in the fruits of illicium religiosum and is produced by fusing various 
kinds of natural resins with potash and from catechol (232) by heating it 
under pressure to 140° with a solution of ammonium carbonate. This is a 
striking example of the easy introduction of the carboxyl group into the 

benzene nucleus. 

Protocatechuic acid is readily soluble in water and melts at 195 • It 
reduces ammoniacal silver solution but not an alkaline solution of a copper 


salt. 

Trihydroxybenzoic acids C 6 H 2 (OH) 3 COOH. The most important acid of 

^COOH(i) 

this group is gallic acid H 2 c e <™ |*|, which is very widely distributed 

Ns ' oh {5) 

throughout the vegetable kingdom occurring, for example, in galls (oak- 
apples), tea and oak bark. The commercial preparation of gallic acid depends 
on the hydrolysis of aqueous extracts of galls by either dilute acids or by 
moulds (Penicillium glaucum, Aspergillus niger). These moulds contain an 
enzyme tannase, which breaks down tannins (264) into glucose and gallic 

acid. 

Gallic acid melts at 222 0 and is readily soluble in hot water. On heating, 
it breaks down into carbon dioxide and pyrogallol (232), from which it 
follows that the three phenolic hydroxyl groups are situated next to one 


another. It reduces gold and silver salts and gives a blue-black precipitate 
with ferric chloride. In alkaline solution it becomes brown in colour due 
to oxidation by air. 


Writing ink consists mainly of an aqueous solution of gallic acid and ferrous sulphate, 
gum arabic and a little sulphuric acid, the addition of the latter serving to retard 
oxidation of the ferrous sulphate by air. When the solution is spread out on paper, 
however, thcsiliceousearths, which are always present in the latter,neutralise thesulph- 
uric acid. The ferrous sulphate is then rapidly oxidised to ferric sulphate, which forms a 
deep black precipitate with the gallic acid. Hence the writing when dry is an intense 
black. Since the mixture of ferrous sulphate and gallic acid solutions is pale brown in 
colour, indigo-carmine or some other blue dye is added so that the ink is deep blue 
in colour as it flow’s from the pen. 


Toluene carboxylic acids, toluic acids or methylbenzoic acids, C 6 H 4 (CH 3 )- 
COOH, can be made by partial oxidation of the isomeric xylenes, or more 
satisfactorily, from the corresponding toluidines by converting them via 
the diazonium salts into the nitriles, which are hydrolysed to the correspond- 
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ing acids. On oxidation the toluic acids give the dibasic phthalic acids (266). 

The xylic acids C 6 H 3 (CH 3 ) 2 COOH, are obtained in a similar way from the 
xylidines. Both the toluic and the xylic acids are solid substances, which are 
sparingly soluble in water. 

264. Tannins are compounds possessing the property of converting animal 
skin into leather. They precipitate proteins from their solutions and also 
give precipitates with alkaloids. They are soluble in water giving solutions, 
which give dark blue or green precipitates with ferric salts; they have a 
bitter, astringent taste. The tannins, which occur widely distributed through¬ 
out the vegetable kingdom, are divided into two main groups. 

1. A few tannins, which may be regarded as hydrolysable esters. To 
these belong tannin (or tannol ), which occurs in galls and is a derivative of 
gallic acid. 

2. A large group of tannins, including the tannin from oak bark, which 
are related to catechin, a colourless, crystalline substance forming the chief 
constituent of gambir, a tannin from Sumatra. It is related in structure to 
the flavonols (328) and anthocyans (331). 

Closely related with tannin is a group of compounds called depsides 
(from the Greek verb Ss^eiv = to tan) by E. Fischer, to denote ester-like 
compounds derived from aromatic hydroxy-acids. 

An example of a depside is the didepside from ^-hydroxybenzoic acid, 
HOC 6 H 4 COOC 6 H 4 COOH, in which the carboxyl group in one molecule of 
hydroxybenzoic acid is esterified by the phenolic hydroxyl group in a second 
molecule of acid. 

For the synthesis of the depsides, E. Fischer starts from an acetyl derivative of 
a hydroxy-acid, which is converted into the acid chloride; the latter is then treated 
in benzene solution with hydroxybenzoic acid and dimethylaniline, when hydrogen 
chloride is eliminated and combines with the added base: 

CH 3 COOC.H 4 COCl + HOC 6 H 4 COOH —CH-COOC 6 H 4 COOC 6 H 4 COOH + HC1. 

The acetyl residue is split off from the acetyl derivative of the depside by methanolic 
hydrochloric acid. 

In a similar way, tri-, tetra- and poly-depsides were built up in which three, four 
or more aromatic hydroxy-acids, respectively, were present. Depsides occur in nature 
as constituents of lichens. 

Tannins are split up into glucose and gallic acid by warming with dilute sulphuric 
acid, about ten molecules of gallic acid being produced for very molecule of glucose. 
E. Fischer synthesised a pentadigalloylglucose, which showed great similarity to 
tannin in its properties. He first of all made a didepside galloylgallic acid, C e H 2 (OH) 3 - 
COOC 6 H 2 (OH) 2 COOH, from gallic acid and he reacted its chloride with glucose to 

form pentadigalloylglucose: 

C 8 H 7 0 6 [C # H 2 (OH) 3 COOC 6 H 2 (OH) 2 CO] 5 or C 76 H 63 0 46 . 
glucose residue digalloyl residue 

Tannin consists of a mixture of digalloyl derivatives of glucose. 
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Tannin is a colourless, amorphous powder, which dissolves to a colloidal 
solution in water; it is sparingly soluble in alcohol and does not dissolve 
in ether. It gives salts with two equivalents of metals. 


Tannin confers an astringent taste on many drinks, e.g. tea, which has stood too 
long. On the addition of milk, the bitter taste disappears because the tannin forms 
insoluble compounds with the protein in the milk. 

Tannin is used in leather manufacture and in medicine. 

Animal skins as such are unsuitable for making leather articles, because they soon 
dry down to a hard horny mass or they easily begin to rot under moist conditions. 
They consist of three layers, the epidermis, the corium or dermis and a fatty layer. 
The dermis is the part used for making leather. The cleaned hides are treated with 
milk of lime, after which the epidermis and the fatty layer are removed mechanically. 
After neutralising the lime with formic or lactic acid, the skin is tanned by treatment 
with extracts of vegetable tannins on the countercurrent principle. This treatment is 
continued until the skin is "dressed” i.e. completely converted into leather, which 
may extend to several months or even a year depending on the thickness of the skin. 
The tanned hide, which no longer disintegrates through decomposition, is worked up 
in various ways. 

In the tanning process the initial change consists of a mutual precipitation of the 
colloids in the tanning material and the proteins in the skin. It is concluded also that 
the tannin combines with the collagen (201) and so prevents hydrolysis of this protein 
and the swelling of the skin. Besides vegetable tannins, which are used for the prepar¬ 
ation of sole-leather, inorganic substances, particularly chromium salts, are used 
as tanning agents in the preparation of light leathers. 


Aromatic mono-carboxylic acids with the carboxyl-group in the side-chain 

265. Phenylacetic acid C 6 H 6 CH 2 COOH is a representative of this group. 
It is obtained from phenylchloromethane (benzyl chloride) and potassium 
cyanide after hydrolysis of the resultant nitrile; it melts at 76°: 

KCN H s O 

C # H s CH t Cl- > C„H 5 CH,CN-► C e H 8 CH,COOH. 

The methene group in this acid is very reactive and use is made of this 
fact in various syntheses (see 284). Phenylacetic acid is converted into 
benzoic acid on oxidation. It is a stronger acid than acetic acid (k = 6 X io -6 ); 
this must be ascribed to the acid character of the phenyl group (compare 229). 

Phenylhydroxyacetic acid or mandelic acid C 6 H 5 CHOHCOOH, is a hydroxy- 
derivative of phenylacetic acid. Its structure follows from its synthesis from 
phenylmethanal (benzaldehyde) and hydrocyanic acid in the presence of 
alkaline reagents, e.g. potash, which act as catalysts: 

/OH 

C,H,CHO + HCN—> C.H.C-CN —* C,H.CHOHCOOH . 

\H 

benzaldehyde mandelic acid 
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Inactive ^/-mandelonitrile is produced in this synthesis. Under the influ¬ 
ence of emulsinase (208), however, this synthesis takes such a course that 
/-mandelonitrile is produced in excess (Rosentiialer). For asymmetric 
synthesis with quinine and quinidine as catalysts see 209. 

Natural mandelic acid is laevo-rotatory. The synthetic acid can be resolved 
into its components via the cinchonine salts. ^//-Mandelic acid melts at 119 0 
and is readily soluble in water; the active forms, a D = 157 , melt at 134 
and are less soluble in water. Mandelic acid is used in medicine as an internal 
disinfectant. 


Tropic acid or i-pheiiyl- 2 -hydroxyelhanc 1 -carboxylic acid, a fission product of 
atropine and hyoscyamine (357) can be prepared synthetically in the following way. 
From acetophenone and hydrocyanic acid followed by hydrolysis of the resultant 
nitrile, there is produced atrolactic acid (1), which loses a molecule of water on dry 
distillation giving x-phenylethene i-carboxyhc and or atropic and (11), which will, 
in its turn, add on a molecule of hydrogen chloride ( 111 ) and produce tropic acid (IV) 
on boiling the product with dilute soda solution: 


CH 3 

c,h 5 c-oh 

\COOH 

I. 

atrolactic acid 


^CH, 

c 6 h 5 c 

\COOH 

II. 

atropic acid 


C H 2 C 1 
► C c U 5 C H - 

\COOH 

III. 

1 -phenyl- 2 -chlorocthane 
1 -carboxylic acid 


CH 2 OH 
C 6 H 5 C H 

\COOH 

IV. 

tropic acid. 


The inactive acid melts at 117°, the optically active forms at 127 0 . I he optically 
active froms are produced by resolving the t//-acid through the quinine salts. 


Dicarboxylic acids of benzene and its homologues 

2 66. Benzene dicarboxylic acids C 6 H 4 (COOH) 2 . Of the three isomers, the 
orMo-dicarboxylic acid, phthalic acid, is the most important. It was discover¬ 
ed in 1836 by Laurent as an oxidation product of naphthalene (279) * 


\_X COOH 

COOH 
phthalic acid 


✓ N 


COOH 


HOOC 




COOH. 


COOH 

meta- or iso-phthalic acid 


terephthalic acid 


Phthalic acid is produced by oxidising aromatic hydrocarbons with two 
side-chains in or^/zo-positions, with potassium permanganate; it was first 
of all prepared commercially from naphthalene by oxidation with fuming 
sulphuric acid and mercuric sulphate as a catalyst. In a more recent process, 
naphthalene vapour is oxidised with air at 400-500° in the presence of 
vanadium pentoxide as a contact material to give phthalic anhydride 

(Wohl; Gibbs). 

The dissociation constant of phthalic acid is 1.26 X 10 3 , it is therefore 
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considerably stronger than benzoic acid. The melting point of phthalic acid 
is not definite, since on heating it easily loses a molecule of water and is 
converted into phthalic anhydride, which crystallises in long needles and 

melts at 128°: o 

II 

_C—OH 

— c—OH 
O 




phthalic acid 


phthalic anhydride. 


Technically phthalic anhydride is a very important compound and is used, 
for example, in the preparation of anthraquinone (282), benzoic acid (260), 
various dyestuffs, synthetic resins, plasticisers, etc. Phthalimide is produced 
when dry ammonia gas is passed over heated phthalic anhydride: 



phthalimide 


Phthalimide is noteworthy for its use in the synthesis of primary amines by 
a method discovered by Gabriel. When alcoholic solutions of the imide and 
caustic potash are mixed, potassium phthalimide is precipitated. If this is then allowed 
to react with an alkyl halide, the potassium is replaced by alkyl and on warming the 
product with either acids or alkalis, the primary amine is split off by hydrolysis: 

.CO\ /CO\ NaOH /COONa 

C.H. NK + BrC n H2n+l —>■ C«H 4 NC n H2n+i -► C«H 4 + 

\CO/ \CO/ \COONa 

potassium phthalimide alkyl halide NH 2 C n H 2 n + l- 

primary amine 


When substituted alkyl halides are used, e.g. 1,2-dibromoethane, CH 2 BrCH 2 Br, a 
substituted alkylamine, bromoethylamine NH 2 CH 2 CH 2 Br, is produced. 

Phthalyl chloride. By the action of phosphorus pentachloride on phthalic acid, a 
compound melting at 16 0 is produced to which is ascribed structure I, the dichloride 
of phthalic acid. In accordance with this structure the compound reacts rapidly with 
methanol giving dimethyl phthalate. With aluminium chloride it forms an addition 
compound, which when decomposed with water, gives a compound melting at 89° 
which is isomeric with I. This form, to which the dichlorolactone formula II is ascribed, 
is easily converted into the modification melting at 16 0 by warming in presence of a 
little hydrogen chloride. The high melting form reacts much less rapidly than I with 
methanol but again dimethyl phthalate is produced. The same product is produced 
from both forms in several other reactions, so that it is not possible on chemical 
evidence to decide which structure is to be assigned to which particular form: 



Cl 

Cl 


Cl 



—C — Cl 
— C/"° 


O 
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However, a higher molecular refraction is to be expected for a compound of structure 
I than for one of structure II, because chlorine atoms attached directly to a >C=G 
group would contribute a greater amount to the molecular refraction than chlorine 
atoms attached to a carbon atom not carrying a doubly bound oxygen atom. 

Also, the atomic refraction for an oxygen atom in a carbonyl group, is greater than 
for an atom of oxygen attached to two separate carbon atoms. The form melting 
at 16 0 has a molecular refraction which is rather larger than the calculated value 
based on structure I; therefore this latter structure is assigned to this form. 

Meta- or iso-phtliaUc acid is produced by oxidising w-xylene with dilute nitric acid. 
It is difficultly soluble in water, does not form an anhydride and melts at 348°. It 
sublimes without decomposition. 

Terephthalic acid, benzene 1 ,.\-dicarboxylic acul. is produced by oxidising />-toluic 
acid or turpentine. It is practically insoluble in water, alcohol and ether. It sublimes 
without melting at above 300° and does not form an anhydride. 

Benzene tri-, telra- and pcnta-carboxylic acids are known but are not of much im¬ 
portance. 

Benzene hexacarboxylic acid or mellilic acid, C 6 (COOH) 6 , is the most important of 
the higher polybasic benzene carboxylic acids. Honey stone or niellite, a rare mineral 
crystallising in honey-yellow, tetragonal crystals found in brown-coal seams, is the 
aluminium salt of mclliticacid. C 12 H 12 A 1 2 4 - i8H s O. Mellitic acid is produced by oxidising 
charcoal or graphite with fuming nitric acid. Its formation from graphite is in accord¬ 
ance with the view that the carbon atoms in graphite arc arranged in hexagonal rings. 
Mellitic acid is readily soluble in water and alcohol. On heating, it loses two molecules 
of carbon dioxide and water and is converted into pyroniellitic anhydride , which forms 
pyromellitic acid by taking up water: 


HOOC 

HOOC 



CO OH 
mellitic acid 



COOH 


2 H..O 


+ 2 H.O + 2C0 2 


O—CO 

pyromellitic anhydride 



pyromellitic acid. 


Benzene is produced when mellitic acid is heated with lime. 


(xiv) AROMATIC COMPOUNDS WITH UNSATURATED SIDE-CHAINS 
Hydrocarbons, alcohols and aldehydes 

267. Phenylethene or styrene, C 6 H 5 CH=CH 2 . occurs in storax, a sap from the relative 
of the plane tree, Liqnidambar orientate. It can be obtained by slowly distilling 
cinnamic acid (268): 

C ( H S CH - CHCOOH —> C 6 H 6 CH=CH 2 + CO z . 

Styrene is prepared on a commercial scale by the catalytic dehydrogenation of 
ethylbenzene over an aluminium-zinc catalyst at about 6oo°: 

C 6 H B CH 2 CH 3 —> C b H 5 CH=CH 2 + H 2 . 

It is a pleasant smelling liquid boiling at 146° and has highly unsaturated properties, 
which are apparent, for example, from the ease with which it polymerises. By heating 
or by exposure to sunlight, a glassy mass of metastyrene is produced (see 103). 
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By treating styrene with nitric acid, nilrostyrene, C 8 H 5 CH=CHN 0 2 , in which the 
nitro-group is situated in the side-chain, is produced. The structure of this substance 
follows from its formation by the condensation of benzaldehyde and nitromethane (50) 
in the presence of alcoholic potash: 

C e H 6 CHO + H,CHNOj —> C,H s CH=CHNO, + H ,0 . 

Phenylethyne (phcnylacetylene ) C 6 H 6 C^CH, is produced by the action of phosphorus 
pentachloride on acetophenone (259) and treatment of the resultant product with 
alkali: 

. 2KOH 

C.HjCOCH, + PC1 6 —> C,H*C Clj CH ,-y C a H 5 C=CH + 2 KCI 

and also by heating the copper salt of phenylethyne carboxylic acids C 6 H 5 C=:CCOOH 
with water. It is similar to acetylene and gives metal compounds. By dissolving in 
concentrated sulphuric acid it takes up a molecule of water and is converted into 
acetophenone. 

Unsaturatcd alcohols. The most important compound in this class is cinnamyl alcohol or 
3-phcnylpropcne-2-ol-i, C 6 H 6 CH=CHCH 2 OH, the cinnamyl ester (slyracin) of which 
is the main constituent of storax; it occurs in other resins and balsams and has a 
scent like hyacinths. Cinnamyl alcohol (m.p. 33 0 , b.p. 257 0 ) is obtained on a commercial 
scale by hydrolysing storax or by the partial reduction of cinnamaldehyde and is 
used in the perfumery industry. 

Eugcnol discussed in 232 is an example of a phenyl ether with an unsaturated 
side-chain. 

Unsaturatcd aldehydes. 3-Phenylpropenal or cinnamaldehyde, C # H 6 CH=CHCHO, the 
odiferous principle of cinnamon, occurs in many essential oils. It is the main constituent 
of oil of cinnamon and can be isolated from it by means of its addition compound with 
sodium bisulphite. It can be prepared synthetically by the condensation of benzaldehyde 
with acetaldehyde in the presence of dilute alkali: 

KOH 

C a H 6 CHO + CHjCHO —> C 0 H S CH=CHCHO + H a O . 

It is a yellow liquid, boiling with slight decomposition at 252 0 , which finds a use in 
the perfumery industry. 

Cinnamaldehyde is resinified by strong acids and it forms a compound N 2 (C 8 H 6 C 3 H 3 ) 3 
with ammonia. In this respect it is similar to benzaldehyde (257). 


Unsaturated aromatic acids 


268. 2 -Phenylethene-i-carboxylic acid or cinnamic acid, C 6 H 5 CH=CHCOOH, 
is the most important member of the group of unsaturated acids. It occurs, 
partly in the free state but chiefly in the form of esters, in essential oils, and 
resins, in Peru- and tolu-balsams and in coca leaves. 

Technically, cinnamic acid is prepared by the Perkin synthesis by heating 
benzaldehyde with acetic anhydride and potassium carbonate. 

When other alkaline reacting substances, like tertiary amines, are used 
instead of potassium carbonate, cinnamic acid is again formed but in lower 
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yields. It is assumed therefore that acetic anhydride is enolised in the alkaline 
medium and condenses with benzaldehyde in this form, acetic acid being 
split off subsequently via the hypothetical intermediates I and II: 

C 6 H s — C = 0 + H jC — C — O — C — C H 3 

I I il 

H OH O 

cnol form of acetic 
anhydride 

CH 3 COOH + C 6 H 6 —CIUCH-COOH. 

cinnamic acid 

A large number of unsaturated acids may be obtained by means of the 
Perkin synthesis, since substituted benzaldehydes may be used as well 
as other acid anhydrides of homologues of acetic acid and of dibasic acids 
instead of acetic anhydride. 

As an unsaturated compound, cinnamic acid forms addition compounds 
and reduces alkaline permanganate solution. 

Cinnamic acid occurs in cis- and /rans-forms: 

C 6 H 5 —C—H 

II 

H—C —COOH 
Irans-lorm 


C 6 H 5 —C—H 

II 

HOOC-C-H 

cis-form. 




The cis-form, which melts at 68° and is called allo-cinnatnic acid, can be produced 
by the partial reduction of phenylethyne carboxylic acid, C 6 H 5 C—CCOOII, with hy¬ 
drogen in presence of colloidal palladium as catalyst (compare 90). 

Allo-cinnamic acid shows trimorphism; two metastable modifications melting res¬ 
pectively at 42 0 and 58° (" isocinnatnic acids"), arc known. These low melting forms 
can be converted into the stable modification melting at 68° (Bijlmann) and can be 
obtained by the catalytic reduction of phenylethyne carboxylic acid, so that they 
too also have a eis-configuration. 

Ordinary cinnamic acid (m.p. 134 0 ) therefore has the trans-con figuration. Iso- and 
a//o-cinnamic acids can easily be converted into the stable trans form. Conversely, 
ordinary cinnamic acid can be converted into the cis-form by irradiation with ultra¬ 
violet light. 

Phenylethyne carboxylic acid or phenylpropiolic acid, C 6 H 6 C=CCOOH, (m.p. 136°) 
is produced from brominated ethyl cinnamate by removing two molecules of hydrogen 
bromide with alcoholic potash: 

Br, 3KOH 

C,H 6 CH=CHCOOR —► C c H 6 CHBrCHBrCOOR —>■ C 5 H s C=CCOOK + 

2KBr + ROH + 2H 2 0. 

269. Unsaturated mono-hydroxy-acids. o-Hydroxycinnamic acid C 6 H 4 (OH)- 
CH=CHCOOH would be expected to exist in two stereoisomeric forms but 
the acid, coumaric acid, is known only in one form in the free state. The 
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second isomer, coumarinic acid is known only in the form of its salts. When 
attempts are made to liberate the free acid from its salts, a lactone (cf. 130) 
coumarin, (327) is formed. The anhydride corresponding with coumaric acid 
is not known; when water is extracted from this compound coumann is pro¬ 
duced, which is converted into salts of coumanmc acid by the action of 

alkaline 

Hence the iraws-configuration is assigned to coumaric acid and the cts- 
configuration to coumarinic acid: 


o 


II 

H C—OH 

I X 

c=c 



I 

H 


coumaric acid 



coumarinic acid 


Coumarins can be obtained from salicylaldehyde by the Perkin synthesis 



o 

CH,C\ 

< 

CH,C/" 

II 

o 



H 


C—OH 

II ! 

o 


— CH, 



+ CH,C 

\OH. 


Coumarin is the odiferous substance in woodruff ( asperula odorata) and 
occurs also in hay and tonkin beans. Many derivatives of coumarin occur 
in the vegetable kingdom. 


Pipcric acid is a fission product of piperine (355); it melts at 215 0 and is very 
sparingly soluble in water. Its structure follows from the following synthesis: by 
condensing piperonal (258) with acetaldehyde in an alkaline medium, an unsaturated 
aldehyde is produced, from which pipcric acid is obtained by the action of sodium acet¬ 
ate and acetic anhydride by Perkin’s method: 
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( XV) ORIENTATION OF BENZENE DERIVATIVES 

270. The principles on which the orientation of benzene derivatives are based are 
set out in 217. A few examples are given below illustrating the application of the 
theory. 

Equivalence of the six hydrogen atoms in benzene. In 214 this equivalence was deduced 
on the grounds that experience had failed to reveal mono-substitution products of 
benzene in isomeric forms. Direct proof of this was provided by various investigators 
(KOrner, Ladenburc, Molting) during the years 1869-1876 and the following 
account is taken from their work. 

If the six atoms of hydrogen in benzene are denoted by the letters a. I>. c, d, e and 
/and it is assumed arbitrarily, that the amino-group in aniline is situated in position a. 
then, on converting aniline into bromobenzenc (via the diazonium compound) and 
treating this compound with methyl iodide and sodium, toluene will be produced in 
which the methyl group will also occupy position a. On nitrating toluene, three nitro- 
tolucncsare produced (the m. /^-compound in very small amount) in which the nitro- 
groups may occupy positions b, c and d. On reduction, three toluidines are produced 
and from these, the amino-group being first of all protected by acetylation, three 
amino-benzoic acids by oxidation. Carbon dioxide can be split oil from these acids 
with the formation from each isomer of aniline, which is absolutely identical with 
the starting material, thus proving that a =b =c =d. 

In order to prove now that e and / are also equivalent to the other four positions, 
the starting material is o-toluidinc, in which the methyl group will be situated in 
position a and the amino-group in position b. By nitrating the acetyl compound and 
subsequent removal of the acetyl group, a mixture of four nitro-o-toluidines is obtained : 


C ft H 


( CH 3 a 
NH, b 



ch 3 

a 

C«H 3 < 

NH, 

b 


NO, 

c 


ch 3 

a 

c 8 h 3 

NH, 

b 


NO, 

J 



CH 3 a 
NO, c 


e 


{ CHjd 

NH* b 
NO, e 



CH 3 a 
c 8 hJ NH 2 b 
NO, / 

* 



CH 3 a 
NO, f = b. 


Since a and b are already occupied, the nitro-group must occupy positions c, d, 
e and /, respectively, in the four isomers. By replacing the amino-group by hydrogen, 
four nitrotoluenes are produced with the substituents in positions ac, ad, ae and af, 
respectively. Ac and ad are obtained in the nitration of toluene and are m- and p- 
nitrotoluene; now it is found that ae is identical with ac and af with ab. From this it 
follows that c is equivalent to position e and position b to position /. 

f CHj a ( CH 3 a 

The same disubstitution product C 8 H 4 < is produced from C a H 3 < NH. 6 and 

l NO, c = e t NO, c 

{ Q J-J (l 

NH, b. Hence it is immaterial whether a second substituent enters position cor 
NO, e 
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e in a mono-substituted product. Positions c and e are therefore symmet¬ 
rically situated with regard to a. The same holds for 6and/. Consequently, 
in benzene, there are two pairs of symmetrically situated hydrogen 
atoms in positions b=f and c=e with respect to a fifth atom of hy¬ 
drogen in position a. 

It is seen that these relationships are clearly expressed in the Kekule formula. 



Absolute orientation 

271. 1st. For disubstitution products of benzene. In a similar way to that just described 
for benzene, Ladenburg proved in 1876, that the three atoms of hydrogen in the 
benzene ring of the trimethylbenzene C 8 H 3 (CH 3 ) 3 boiling at 165° 

(mesitylene), are equivalent. From this it follows that this com¬ 
pound is, 1,3,5-trimcthylbenzene. 

Partial oxidation of mesitylene gives 3,5-dimethylbenzoic acid, 
from which the xylene boiling at 139 0 is obtained by distillation with lime. Hence this 
compound has the wieta-structure. 

This »i-xylcne on oxidation affords a dicarboxylic acid, meta- or tso-phthalic acid 
(261), to which the weta-configuration must be assigned. 

Korner has determined the structure of the three dibromobenzenes, melting at —7 0 , 
-f 6° and 89.3°, respectively, by his method (1874), as already mentioned in 217. 

Two mono-nitrodibromobenzenes, melting at 60.4° and 82.6°, are obtained from 
the dibromobenzene freezing at —7 0 . A third isomer, with a melting point of 106 0 , 
is converted into the same dibromobenzene with an f.p. of —7 0 , by reduction and 
replacement of the amino-group by hydrogen. Hence there are three isomeric nitro- 
dibromobenzenes related to the dibromobenzene with f.p. —7 0 . This compound must 
therefore possess the wrfo-structure. 

The dibromobenzene melting at 6° may have therefore either the ortho- or the 
para-cow figuration. If it is assumed that it is the orZ/jo-compound, then the reactions 
described below can be represented as follows. 

On nitration there is produced a dibromonitrobenzene melting at 58°, that is 
converted via an aminobromonitrobenzene into a dibromoaminonitrobenzene: 



Br 

y\i 

I II 

\/ 

NO, 

I. 



NH 


Br 


Br/VBr 


II. 


203 

I * ' 

\x 

NO, 

III. 


In compound III of the above reaction scheme, the two bromine atoms are situated 
in w»tfta-positions, for, by replacing the amino-group by hydrogen, there is produced 
a dibromonitrobenzene, m.p. 64°, which is converted by reduction and replacement 
of the amino-group by hydrogen into m-dibromobenzene as shown above. 

I he amino-group in compound III can be replaced by bromine, the nitro-group 
can then be reduced to an amino-group which is subsequently replaced by hydrogen, 
to produce a tribromobenzene melting at 87.4°: 
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XH, 

Br/\xBr 
202 6 3 

x> 

no 2 

III. 



reduction 



Br 

Br/^Br 

|| 106> I 

N H 2 
V. 


Br 

Br/\,Bi- 

VI. 


This tribromobenzene is not identical with the isomer melting at -14°, which is 
produced from the three isomeric dibromobenzenes and is therefore 1,3,4-tribromoben- 
zenc. It cannot be symmetrical tribromobenzene either, since this cannot be produced 
from ortho- or para-dibromobenzene, the starting materials in this particular case. 
Hence there remains only 1,2,3-tribromobcnzenc, but the starting material must have 
been or/Zio-dibromobcnzene because 1,2,3-tribromobenzene cannot be produced from 
pam-dibromobenzene if the bromine atoms originally present retain their positions. 
It is true that one of these bromines is replaced by Ni l, but this amino-group is again 
replaced by bromine. Hence there remains only the prim-configuration for the third 
dibromobenzene melting at 89.3°. The structure of this compound is confirmed by the 
fact that only one nitrodibromobenzene can be derived from this compound. 

Griess (1874) has employed the principal of K6rner for the absolute orientation 
of the three diaminobenzenes (phenylcncdiamines). In the nitration of o-nitrobenzoic 
acid he obtained three out of the four theoretically possible dinitrobenzoic acids. Two 
of these, melting at 179 0 and 202°. gave a diaminobenzene melting at 63° by reduction 
and removal of carbon dioxide. This compound could also be obtained from a dinitro¬ 
benzoic acid produced by nitrating m-nitro ben zoic acid. Since this diamino-compound 
may be obtained from three different dinitrobenzoic acids it must have the meta- 
structure. 

The third dinitrobenzoic acid, obtained from o-nitrobenzoic acid, is converted by 
reduction and fission of carbon dioxide into a phenylenediamine melting at 140°. This 
compound could beobtained from only one dinitrobenzoic acid so that the para-structure 
must be assigned to this diamine. 

In another way, Griess prepared two diaminobenzoic acids, which cannot be derived 
from the three dinitrobenzoic acids mentioned above, for, when carbon dioxide was split 
off, they both produced a diaminobenzene melting at 103°, which must therefore be 
the orf/10-com pound. 

Since o-, m- and p-diaminobenzene are produced by reducing the corresponding 
dinitro-compounds, the structure of these dinitrobenzenes is also established. 

2nd. For tri-substitution products of benzene. These compounds can usually be 
orientated by investigating their relationship to disubstituted benzene derivatives 
of known structure. 

By nitrating »i-chloroaniline (I), a nitrochloroaniline (II) is produced. When the 
amino-group in this compound is replaced by hydrogen, p-chloronitrobenzene (III) 
is produced. This proves that the chloronitroaniline must have the structure (II) shown 
below: 


<£>c^ 

O.N<^>Cl - 

—->■ o„x<f III >C). 

NH, 

NH* 


w-chloroanilinc 

1 -chloro- 3 -amino- 4 - 

^-chloronitrobcnzene 


nitrobenzeue 



3rd. For telrasubstiluted derivatives of benzene , e.g. picric acid. By carefully nitrating 
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phenol, two mono-nitrophenols, melting at 4 5° and 114°, respectively, can be ob¬ 
tained : 


OH 



NO, 



OH 


a no 

II ;| N 2 

\r 

NO, 


The third nitrophenol (m.p. 97 °) is produced from m-dinitrobenzene (222) by 
reducing it to m-nitraniline and replacing the amino-group in the latter by hydroxyl 

by diazotisation. Hence the ortho- and £ara-configurations must be as¬ 
cribed to the two isomers mentioned above. 

The mono-nitrophenol melting at 114 0 is converted into quinone on 
oxidation. Hence in this nitrophenol the hydroxyl and nitro-groups must 
be situated in the />© ra-position to one another. Further, the ortho- struc¬ 
ture only remains for the isomer melting at 45 0 . 

©-Nitrophenol, m.p. 45 0 , on nitration gives two dinitrophenols, one of which has 
the 1 ,2, 4-structure, because it is also produced by nitrating p-nitrophenol. The iso¬ 
meric dinitrophenol has the 1.2.6-configuration, for, when the methyl ether is heated 
with alcoholic ammonia, the methoxyl group is replaced by NH, and the resultant 
amine gives m-dinitrobenzene when the amino-group is replaced by hydrogen: 

OH NH, 

O.Njj^V'O. 0 ,nAnO, . 

\r V 

2,6-dmitrophenol m-dioitrobenzene 

Thus there are now two dinitrophenols of known structure: 

OH OH OH 

/ 

I 

V 

NO, 

Picric acid, which must therefore have structure III, is produced by nitrating either 
of the two isomeric dinitrophenols. 

The structure of the trinitrobenzene melting at 123 0 follows from that of picric acid, 
which is produced from it by oxidation. Thus this trinitrobenzene must be the symmet¬ 
rical isomer. It is produced by nitrating m-dinitrobenzene. 


0 4 N(f *>’0, 


NO, 


and 


0 ,N 



NO, 



O s N^ n ^NO t . 


NO 


Rules for substitution in the benzene nucleus 

272. Experience has shown, that on introducing a second substituent into 
a monosubstituted benzene derivative C 6 H 6 X, the three isomers theoretic¬ 
ally possible are produced in unequal amounts and further, that two types 
of substitution may be distinguished, viz. either ortho - and />ara-compounds 
are formed as the chief reaction products or mainly we/a-derivatives 
(we/a-substitution) are produced as already mentioned by Korner. 

In Table 49 the main products are printed in heavy type and by-products 
are given in order of decreasing amounts produced. 
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TABLE 49 

SUBSTITUTION IN THE BENZENE NUCLEUS 


Element or group 

Positions entered by the substituents given below: 

already occupying 






position 1. 

Cl 

Br 

I 

S0 3 H 

NO, 

Cl 

4. 2. 3 

4. 2. 3 

4 

4 

4. 2 

Br 

4. 2, 3 

4- 3 


4 

4- 2 

I 

4 

4 

4 

4 

4. 2 

OH 

4. 2 

4. 2 

4. 2 

4- 2 

4. 2 

S0 3 H 

— 

3 


3- 4 

3, 2. 4 

no 2 

3 

3 


3. 2, 4 

3. 2. 4 

NIL 

4. 2 

4 

4 

4. 2 1 

4. 2 

ch 3 

4. 2. 3 

4. 2 

4. 2, 

4. 2. 3 

2, 4, 3 

COOH 

3 

3 

3 

3- 4 

3 . 2. 4 

CN 

3 

3 


— 

3 

NO 

4 

4 



4 

sch 3 

— 

4- 2 


4. 2 



From the table, it appears that the halogens, the hydroxyl, the methyl, 
the nitroso- and the methylmercapto-groups direct a second substituent to 
the ortho-para- positions, while the sulpho-, the nitro-, the carboxyl and the 
cyano-groups direct the second substituent mainly towards the meta- 
position no matter what the nature of the second substituent. 

This is known as the rule of the constancy of the substitution type (Crum- 
brown-Gibson ; Holleman). 

Holleman and his pupils have carried out systematic investigations on 
the relative amounts of the various isomers produced by the introduction 
of a substituent into a mono- or di-substituted benzene derivative. For this 
purpose it was necessary to work out methods for determining the ratio 
of the isomers in the reaction product, because quantitative separation is 
not usually possible, on account of the small differences in solubility or boil¬ 
ing point of the isomeric compounds. 

These methods depend on the following principle. In the case of a mixture of two 
isomers the melting point curve of the two compounds is determined; by determining 
the melting point (or setting point) of the various mixtures it is possible to find the 
composition of every possible mixture of these isomers. 

This method of thermal analysis has also been worked out for mixtures of three 
isomers and in special cases it can also be applied to a mixture of four isomers. 

From these investigations it was found that the relative quantities in 
which the isomers are produced, differ very considerably, even in the same 
type of substitution and are dependent on the nature of the substituents 
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already present, on the entering substituent and on the temperature. Thus 
in the chlorination of phenol at 9 0 there is produced 5 °* 2 °/o /’-chloro- 
phcnol and 49.8 % of o-chlorophenol; in bromination under the same condi¬ 
tions there is produced 90.7 % of />- and 9.3 % 0-bromophenol. 

The effect of temperature in nitration is small. These reactions can 
only be investigated within a small range of temperatures, since at high 
temperature the action of nitric acid is too violent and decomposition 
occurs. The influence of temperature is of more importance in sulphonation. 
A very striking influence of temperature has been observed, however, in 
halogenation (Wibaut with Van de Lande and Wallagh and with Van 
Loon). 


On brominating bromobenzene in the vapour phase with pumice or graphite as 
contact substance at 400°, there is produced a mixture of dibromobenzones containing 
26 % ortho-, 33 % meta- and 40 % £<ira-isomer; thus the reaction belongs to the 
ortho-para- substitution type. 

At 450°, 21 % ortho-, 50 % meta- and 25 % para- dibromobenzene is formed; in this 
case mela-s ubstitution predominates. The ratio of isomers does not alter appreciably 
at higher temperatures up to 630°. It is assumed that above 450° the bromine atom 
in bromobenzene no longer has a directing influence. Since the five available atoms of 
hydrogen have an equal chance of being substituted by bromine, there should be 
produced 40 % ortho-, 40 % meta- and 20 % £rtra-bromobenzene. Substitution in the 
ortho- positions is hindered, however, by the effect in space of the bromine atom 
attached to the benzene nucleus (sleric hindrance', compare 273). Therefore less than 
40 % of the oW/io-isomer will be produced. Independent of the oW/io-content, the ratio 
of meta-: para- must be 2 ; 1, which agrees approximately with the observed values. 
If pumice covered with ferric bromide is used as catalyst the reaction takes place at 
a measurable rate even at 200°. In this case the orl/io-fara-substitution type persists to 
450°. At this temperature 28 % ortho-, 14 % meta- and 5S % para- isomer is formed. 
The reaction occurs in the surface layer of ferric bromide according to the electro- 
phylic type of substitution (see 224). As the temperature rises, adsorption of the reacting 
substances at the solid surface decreases, so that a true gas-reaction comes to the fore in 
place of the wall-reaction. This gas-reaction probably takes place by another mechanism. 
Since the reacting substances will be more strongly adsorbed on ferric bromide than 
on pumice, it is understandable that or//jo-/>ar< 7 -substitution will still occur on a ferric 
bromide catalyst at 450°. Similar phenomena are observed in the bromination of fluoro- 
ancl chloro-benzcnc. Meta- substitution also takes place as the main reaction in the 
chlorination of chlorobenzene in the vapour phase at 500-600° with pumice as contact 
material. 

In the presence of pure pumice as contact material, the bromination of phenol in 
the vapour phase takes place very rapidly. In this case /wra-or/Ao-substitution occurs 
exclusively in the region of 200-250°; the proportion of oW/10-bromophenol increases 
with the temperature and amounts to 70 % in the mixture of mono-bromophenols form¬ 
ed at 500°. It is assumed that the bromination of phenol takes place by a different 
mechanism from the bromination of halogenobenzenes. 

The following question may be asked in connection with the introduction 
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of a third substituent C into a benzene derivative C G H 4 AB. If it is known 
which isomers and in what ratio they are formed in the substitution of 
C into C 6 H 5 A and C 6 H 5 B, is it possible to deduce which isomers of the 
composition C 6 H 3 ABC and in what ratio they will be produced, in the sub¬ 
stitution of C in C 6 H 4 AB? This can be done qualitatively. 

The velocity with which a new substituent enters a benzene derivative, 
varies considerably. Substitution in the ;m 7 </-positions under the influence 
of the nitro-, carboxyl, sulpho- and cyano-groups takes place much more 
slowly than substitution under the influence of ortho- and para- directing- 
groups. The nitration of benzene, toluene or chlorobenzene with a mixture 
of sulphuric and nitric acids takes place much too rapidly for the reaction 
velocity to be measured ; it has been possible to carry out such measurements 
in the nitration of nitrobenzene and benzoic acid, since the reaction takes 


place much more slowly in these cases. 

When a third substituent is introduced into a benzene derivative C c H 4 AB, 
in which A directs towards ortho- and /wm-positions and B a<i>.°.) 
towards meta , experiment shows that the third substituent ,1' r 
enters positions 2, 4 or 6 (or in all three) but never in position 5. 

From this it follows that o; 7 //o-/>rtz^-substitution takes place 
much more rapidly than ;/*< 7 rt-substitution. In the introduction of a third 
group into a compound C 6 H 4 AB, in which both A and B direct towards ortho- 
and />rtZrt-positions, it appears, that the directing effect of one of these sub¬ 
stituents may predominate. Thus in o-crcsol, C 6 H 4 (OH)CH 3 -i, 2, for example, 
a third substituent enters positions 4 and 6 (i.e. ortho-para with respect to 
OH) and not positions 3 and 5 standing in ortho- and ^ara-position to CH 3 . 

By studying substitution in other compounds of the type C 6 H 4 AB, in 
which A and B are orMo-substituents, in a similar way, the following order 
is arrived at for the directive influence of two substituents present at the 
same time (Holleman): 


NH 2 > OH > I > Cl > Or > CH 3 . 


In a similar way meta -directing groups arrange themselves in the following 
order: 


COOH > S0 3 H > NOj. 


From the above, it is possible also to predict which isomers will be formed 
in any particular case and which isomer is likely to be the main product. 
For example, when a substituent is introduced into a chlorophenol, it will 
enter mainly the ortho- and ^ara-positions with respect to the hydroxyl 
group; in a chlorobenzoic acid, a third substituent will enter the ortho- and 
/>tfra-positions to the chlorine. 
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(xvi) HYDROCARBONS WITH TWO OR MORE PHENYL GROUPS 


273. The simplest compound belonging to this group is dipJienyl 

, which occurs in coal-tar. 

\ _ »/ 

It can be obtained by heating iodobenzene with finely divided copper to 
220° or by passing benzene vapour through a tube heated to 7 00— 800 
(Berthelot) ; it is prepared on a commercial scale by the latter process. 

Diphenyl melts at 71 0 and boils at 254 0 . It is readily nitrated and sulphon- 
ated. It affords benzoic acid on oxidation; this fact and its mode of forma¬ 
tion establish its structure. 

The number of substitution products of diphenyl is much greater than 
that of benzene. Mono-substitution products can exist in three isomeric 
forms, viz. 0-, wt- and p- with respect to the I—I bond. In a di-substituted 
product both substituents may be present in the same or in different benzene 
nuclei. 

Some derivatives of diphenyl, e.g. benzidine (243), are of importance as 
dyestuffs intermediates. 


Some remarkable cases of stereoisomerism have been discovered amongst substi¬ 
tution products of diphenyl. By the action of copper powder on an ester of 'i-iod.0-3 - 
nilrobenzoic acid (I), a diphenyl derivative is produced (II), which is converted into 
dinitrodiphenic acid (III) on hydrolysis: 




HOOC 


COOH 



This acid can be resolved into optical antipodes via the brucine salt (Kenner and 
Christie). This must be explained by the fact that the two benzene rings in this 
diphenyl derivative do not lie in the same plane. Two space-figures can then be con¬ 
structed, which arc mirror images of one another, as appears from the figures given 
below, in which one benzene ring is represented as lying in a plane perpendicular to 
that of the other ring. Although there is no asymmetric carbon atom in this molecule, 
the latter contains neither a centre nor a plane of symmetry (37): 




The two mirror image forms should be interconvertible if the two substituted phenyl 
groups were able to rotate about the axis of the common C—C bond. This is apparently 
hindered by the presence of the groups substituted in the or/Ao-positions with respect 
to the common bond and which cannot rotate past each other because of the volume 
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in space they occupy [steric hindrance). In diphenyl itself the two benzene nuclei 
can rotate with respect to one another because the distance between the nuclei of 


carbon atoms 2 and 2 ' is about 

2.90 

A ami the 

length of the C —11 Ixmd 0.94 

(see 37): 
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When positions 2-2' and 6-6' arc occupied respectively by COOII and NO a these 
groups cannot pass one another because the distance C—NO, is about 1.92 A and the 
distance C—COOH about 1.56 A; rotation of the phenyl groups about the 1-1' bond 
is hindered (Adams). 

A large number of diphenyl derivatives, which can be resolved into optically active 
components, has been prepared. Many of these compounds arc converted into an 
optically inactive mixture (racemisation) by warming, the change taking place the 
more readily as the groups substituted in positions 2—2' and 6-0' take up a smaller 
volume. Hence on increasing the temperature, the ability to rotate about the common 


C—C bond can reach an appreciable value. 

Diphcnyhnethane C„H 6 CH 2 C 6 H S . can be obtained from benzyl chloride, C 6 H 5 CII 2 C 1 , 
or from methylene chloride CH 2 C 1 2 , benzene and aluminium chloride: 


+ C 1 CH.C 1 + <( 3 >CH 2 <(^> + aHCl. 

Diphcnylmethane melts at 26° and boils at 262°, and has an odour of orange skins. 
It is converted into benzophenone (259) by oxidation with chromic acid. 

When diphenylmethane is passed through a tube heated to about 700°, hydrogen 
is produced along with fluorene, a stable hydrocarbon, melting at 115° and boiling 
at 249 0 , which shows a weak fluorescence in alcoholic solution : 


H 


H 



H 

H 


8 1 



+ H 2 . 


Diphcnylethane or dibenzyl C 6 H 5 CH 2 CH 2 C 6 H 6 , m.p. 52 0 , can be obtained from 
phenylchloromethane (benzyl chloride) and sodium: 

C 6 H B CH S C 1 + 2Na + C 1 H 2 CC 6 H 6 —> C,H 5 CH 8 CH 2 C 6 H S + aNaCl. 

Benzoin, mentioned in 257, is a derivative of diphcnylethane. On reduction, this 
compound takes up two atoms of hydrogen with the formation of the di-hydric alcohol, 
hydrobenzoin or 1,2-diphenylethanediol-i,2 C 6 H 6 CHOHCHOHC 6 H 5 . 

On oxidising benzoin, a diketone is produced, namely, dibenzoyl or benzil, C 6 H 5 CO- 
COC a H 6 , a yellow, crystalline substance melting at 95 0 . 

On heating with alcoholic potash, benzil takes up a molecule of KOH and undergoes 
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an intramolecular transformation with the formation of the potassium salt of benzilic 

acid : 


C «H 5 C — 


/OH 

O KOH C,H -C-OK 


C—OK 


C 9 H 5 C —o 
bcnzil 


c 6 h»— c=o 


(C 6 H 6 ).C—OH 
potassium beazilate 


This transformation is analogous to the pinacolone transformation (no). 

2,2-bis(4'-Chlorof>hcnyl)-i,1 ,i-trichloroethanc is obtained by the condensation of 
chloral with two molecules of chlorobenzene. It has powerful insecticidal properties 
and acts as a contact poison. It is known under the names of Gesarol, Neocid and D.D.T. 
It is used for destroying lice, moths, flies, etc.: 



Cl 


2,2-bis(4 / -chlorophenyl)-i,i,i-trichloroethane or D.D.T 


Diphcnylcthcne or stilbene, C 6 H 5 CH=CHC 6 H5 , (m.p. 125 0 , b.p. 307°) can be pre¬ 
pared, for example, by the action of benzylmagnesium chloride on benzaldehyde and 
distillation of the product obtained by acidification with sulphuric acid: 

H.,SO, 

C c HjCHO + ClMgCH 2 C # Hj —> C 6 H 5 CH(OMgCl)CH 2 C 6 H 6 ->■ C e H 5 CH=CHC 8 H 5 + 

4- MgSOj + H,0 + HC1. 


Triphenylmethane (C 6 H 5 ) 3 CH is produced by the action of benzene on 
benzaldehyde in presence of a dehydrating agent like zinc chloride, or by 
reacting benzene with phenyldichloromethane (benzal chloride) C 6 H 5 CHC 1 2 
or with chloroform in the presence of aluminium chloride: 

AIC.I3 

3 C 6 H 8 + HCC1 3 -► HC(C„H S ) S + 3 HCI. 


Triphenylmethane melts at 93 0 and boils at 359 0 . It is oxidised by chromic 
acid to triphenylcarbinol: 


Cr0 3 

(C 0 H 6 ) 3 CH -► (C,H 5 ),COH. 


Under the influence of the three phenyl groups, the CH-group has attained 
an enhanced reactivity (compare the oxidation of diphenylmethane to 
benzophenone, p. 441). 


Dyestuffs derived from Triphenylmethaen 

274. Rosaniline dyestuffs. These were discovered in 1859 by Verguin; the 
first synthetic dyestuff had been discovered in 1856 by W. H. Perkin and 
the synthetic dyestuffs industry can be said to date from that time. The 
structure of the rosaniline dyestuffs was established by researches carried 
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out by E. and O. Fischer, Hofmann, Nietski, Baeyer, W. H. Perkin 
and others. 

Malachite Green is obtained by condensing benzaldehyde with dimethyl- 
aniline (237) in the presence of zinc chloride (cf. the preparation of triphenyl- 
methane by a similar method), the carbon atom of the aldehyde grouping 
providing the carbon atom of the methane residue in the triphenylmethane 
derivative. The colourless intermediate product, which is produced in this 
case, is tetramethyldiaminotriphenyhnethane or leuco-malachitc green (I): 


c 



H _^>X(CH 3 ), 

H <f V'(CH 3 ). 


/C c H 4 N(CII 3 ) 2 

*• C C H j C + H 2 0. 

'''C f ,H jX(C II 3 ) 2 

II 

(I) 


By oxidation with lead peroxide in hydrochloric acid solution, I is converted 
into the chloride of Malachite Green (HI). The reaction probably takes place 
via the colourless methanol derivative or carbinol base, winch can give colour¬ 
less salts with acids (II) like the amine base, but such salts are difficult to 
isolate: 


/CjHjNICHjIj 

c 6 h s c 

|\C c H 4 X(CH 3 ) 2 

H 


PbO- C,H 


(CH 3 ) 2 NC c H 4 



—N(CH 3 ) 2 



C 6 H s \ 


(CH,)jXC,H 4 



OH 



+ ci- —H.,0 




C.H S \ 


C = 


CHj) 2 N C 6 H 4 



CH 


=N 


\CH 


3 - 


+ 

Cl“. 


Ill 


On warming, II loses water and is converted into the intense green dyestuff 
having structure III. In this conversion, one of the benzene nuclei assumes 
a quinonoid structure. The double salt of compound III with zinc chloride 
is Malachite Green. 

Pararosaniline. The structure of this red dyestuff follows from the syn¬ 
thesis by E. and O. Fischer (1880). By nitrating triphenylmethane (I), a 
trinitro-derivative (II) is produced, which can be reduced to a triamino- 
compound, the so-called leucamline, (III), a colourless substance, melting 
at 148°. This compound on oxidation gives a colourless carbinol base (IV), 
pararosaniline base, which on warming in hydrochloric acid, forms first the 
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salt (V) and then the dyestuff hydrochloride, parar os aniline chloride 
(sometimes called parafuchsine) (VI).: 


HNO, /C 6 H 4 NO* 

CH(C 0 H 5 ), - > HC — C,H 4 NO, 

NC.HjNO, 

I II 


“H t NC e H 4 \ + 

C —C 8 H 4 —N Cl- 

, HjNC,H,/| |\H | 

L OH H J 

V 


/C,H 4 NH, /C^HjNH, 

c— c,h 4 nh, —► C-C c H 4 NH. 
\C c H 4 NH, |\C 6 H 4 NH, 

' HO 

III IV 


r„,NC.H lXc=< ^v =/ H Tci 
HjNC»H 4 / ^H i 

VI 


Conversely, paraleucaniline (III) can be obtained by reducing pararosaniline 
hydrochoride (VI) and the amino-groups can be replaced by hydrogen by 
deamination, with the formation of triphenylmethane (I). 


A technical method for the preparation of pararosaniline starts from aniline and 
formaldehyde (Homolka), which interact to form metliyleneaniline, which is converted 
in its turn, via p-aminobenzylaniline, into 4,4’-diatninodiphcnylrnelhane by heating 
with aniline and aniline hydrochloride. By heating further with aniline, hydrochloric 
acid and nitrobenzene (as an oxidising agent) pararosaniline chloride is formed: 

H 2 C =0 + H 2 NC 0 H 5 —> H,C=NC 4 H 5 + H,NC 4 H s — 

methyleneaniline 


H,\C s H 4 -CHj-NHC,H 5 

/>-aininobcnzylaniIinc 



4,4'-diaminodiphcnylmcthanc 


HC 1 , C|H s NO, 


HA-C 4 H 4X H 

C — C 6 H 4 —N 

HjNCeH^I |\H 

OH H 

pararosaniline chloride 
(carbinol form) 


ci- 


H 4 \ 


r"H s NC 4 

C = C,H 4 =N 

H,NC 4 H 4 / \h 




C 1 -. 


pararosaniline chloride 
(quinonoid form) 


Magenta (Fuchsine), another red dyestuff of great importance, is essentially 
Jwmorosamline, a methyl derivative of pararosaniline, usually containing 
some of the latter dyestuff. It is prepared on a technical scale by oxidising 
a mixture of equal parts of aniline, o-toluidine and ^-toluidine with nitro¬ 
benzene or arsenic acid to form the rosaniline base, which is converted into 
magenta with hydrochloric acid. The carbon atom of the methane residue 
is provided by the />-toluidine (pararosaniline can be prepared by an analo¬ 
gous process using 2 mols. of aniline and 1 mol. of />-toluidine): 
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CH 3 CH 3 


h.n<~Sch. + 


homorosanilinc* bast* 

CH 3 

t 




Many derivatives of magenta and pararosaniline are used as dyestuffs; 
the hydrogen atoms in the amino-groups can be replaced by alkyl or phenyl 
residues, when the colour is displaced progressively towards violet as the 
number of methyl groups attached to nitrogen is increased; in pararosaniline, 
for example, the absorption maximum lies at 5000 A, while in Crystal Violet 
in which there are six methyl groups attached to nitrogen, this maximum 
lies at 6000 A. 

Magenta and related dyestuffs in the crystalline state show powerful reflecting 
power for light of those wave-lengths which are strongly absorbed by transmitted 
light (metallic reflection). Consequently, in incident light, these crystals appear to 
have a colour ( colour of reflection) which is approximately the complementary colour 
to that observed in transmitted light. Pararosaniline and magenta, for example, 
crystallise in green, crystalline leaflets with a brilliant metallic sheen, which dissolved 
in water giving an intense red solution. 

The various brands of Methyl Violet are alkylated pararosanilines. The red shade 
brands (R, 2R, 3R) are made by methylating pararosaniline but the bluer shade 
brands (B, 2B, 4B, 6B) are made by other methods. Thus pcntamethylpararosaniline 
is produced by oxidising dimethylaniline with potassium chlorate and cupric chloride; 
in this process one of the methyl groups is eliminated by oxidation as formaldehyde, 
which then provides the central carbon atom of the triphenylmethanc group. Methyl 
Violet is used in the preparation of copying ink etc. 

Crystal Violet or hexamethylpararosaniline, is produced by heating Michler’s 
ketone (237) with dimethylaniline and phosphorus oxychloride: 

POCI 3 

(HjC) f NC e H 4 —C — C b H 4 N(CH 3 ) 2 + C 8 H 5 N(CH } ),-—> [(H 3 C) t NC 6 H 4 ] 3 C Cl 

O 

{(CH 3 ) t NC,H t } 3 C=<^ \>=N(CH 3 ) 8 + C1". 

Crystal Violet 

Aniline Bine (Spirit Bine) or triphenylrosaniline , a pure blue dyestuff, is obtained 
by heating together pararosaniline, aniline and a weak acid, e.g. benzoic acid; the 
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amino-groups arc replaced by phcnylamino-groups and the liberated ammonia is fixed 
by the benzoic acid. This reaction is similar to the formation of diphenylamine from 

aniline and aniline hydrochloride (237): 


(C,H 5 NHC|H 1 ) i C= 



—NHC«H, 


ci- 


Aniline Blue 


Rosaniline dyestuffs can be used for dyeing wool and silk directly and 
cotton after treatment with a mordant ( e.g . tannic acid). 


275. The relationship between colour and structure in rosaniline dyes 
It has already been explained that the actual dyestuffs are salts; these 
dyestuff salts are almost completely dissociated in dilute aqueous solution 
as appears from the small increase in the molecular conductivity on further 
dilution. Solutions of salts of magenta with different anions (chloride, brom¬ 
ide, sulphate) show the same absorption spectrum. From these observa¬ 
tions it follows, that the colour of magenta is caused by the mono-valent 
cation (C 20 H 20 N 3 ) + ; a similar conclusion is reached for other rosaniline 
dyestuffs. In the structural formulae for Malachite Green, Magenta and 
Pararosaniline (pp. 444) it is assumed that one quinonoid group occurs in 
the cation; this mode of formulation which was suggested by Nietzki in 
1890, was strengthened by Hantzsch (1900) as follows. When an equivalent 
of base is added to a solution of a dyestuff salt, e.g.oi Crystal Violet, initially the 
solution remains coloured and reacts strongly alkaline. Gradually, the colour, 
the basicity and the electrical conductivity of the solution all decrease. 
In the original solution, a very strong base, therefore a quaternary ammon¬ 
ium base, must have been present; this can only occur if one of the nitrogen 
atoms is attached to a carbon atom of a quinonoid group by two homopolar 
bonds. This quaternary base, which gives rise to a coloured cation, gradually 
passes over into a colourless, weakly basic carbinol base; 


{(H 3 C) 2 N— c c h 4 —} 2 c 



= N(CHj) 2 


quaternary base 


OH- —[(H s C) 2 N—C fl H 4 —] 3 C—OH. 

carbinol base 


The carbinol base may be regarded as a pseudo-base (cf. pseudo-acids 
226). The dyestuff cations contain the chromophoric quinonoid group and 
the auxochromic amino- or dialkylamino-groups. 


Triphenylmethane derivatives are known in which the colour is not caused by a 
quinonoid structure (Baeyer and Villiger, Gomberg, Hantzsch). Triphenylchloro- 
tncthane (C 6 H 5 ) 3 CC 1 , which can be obtained from carbon tetrachloride and benzene by 
allowing them to react in the presence of aluminium chloride, is colourless in the solid 
state or when dissolved in ether or benzene. In liquid sulphur dioxide, however, it 
dissolves with a yellow colour; this solution conducts electricity, while the solution in 



TRIPHENYLMETUANE DYESTUFFS 


447 


§ 274-276 


ether or benzene is non-conducting. This compound, which is known also as triphenyl¬ 
methyl chloride is produced also by the action of hydrochloric acid on Iriphcnylcarbinol ; 
the hydroxyl group in this tertiary alcohol can be replaced also by other inorganic 
acid residues thus: 

3( C 6 H 5 ) 3 C oh + h.,so 4 [<C 6 H 5 ) 3 C] 2 S0 4 + h 2 o . 


Triphenylmethyl sulphate dissolves with a red colour in liquid sulphur dioxide and 
the solution conducts an electric current; triphenylmethyl perchlorate is also coloured. 
These compounds are regarded as carbonium sails in which the cation [(C 6 H 5 ) 3 C] + 
occurs; this cation contains no quinonoid grouping, the colour of the salts is connected 
apparently with the positively charged carbomuni ion. Baevi-r named this phenomenon 
halochromism to express that the colour is connected with a salt-like structure. 

Triphenylcarbinol is a very weak base, since the carbonium salts easily undergo 
hydrolytic fission unlike the dyestuff salts such as Magenta etc., which are derived from 
a strong quaternary ammonium base and which are not decomposed by boiling an 
aqueous solution. 

According to more recent ideas, the colour of the rosaniline dyestuffs is not due 
entirely to cations with a quinonoid structure but it is assumed that the cations of 
these dyestfifs can resonate between the quinonoid structure (I) and the carbonium 
structure (II): 


1 (H t NC s H l ) I C=Q-NH ! ■<->• [(H 2 NC 0 H 4 ) 2 C-C 0 H 4 NH 2 ). 

I. ~~ II. 

Various valence-structures are still possible for the cation I, since each of the three 
—C 6 H 4 -groups can assume a quinonoid structure. 

Para rosaniline chloride or Magenta dissolve in an excess of strong hydrochloric 
acid with a pale yellow colour; the red colour reappears when the solution is diluted 
with water. In the strongly acid solution it is probable that three molecules of hydro¬ 
chloric acid combine with the dyestuff; in the resultant cation the formation of a 
quinonoid structure is no longer possible, so that the colour approaches that of the 
carbonium salts: 



276. Phthalein dyestuffs. The simplest compound belonging to this group 
is phenolphthalein, a colourless, crystalline compound, which dissolves in 
alkaline liquids with the production of a red colour and is used as an indicator 
in alkalimetry. The colour change with phenolphthalein takes place at 
p H = 8 — 10. It is prepared by heating together phthalic anhydride and 
phenol in concentrated sulphuric acid: 


(C c H,OH), 



phthalic anhydride 


O 

phenolphthalein 


4 , 4 , -dihydroxybenzophcnone 



CH. 9 
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The hydrogen atoms occupying the /xzra-positions to the hydroxyl groups 
in the phenol molecules react, as is shown by the fact that phenolphthalein 
is converted into 4,4'-dihydroxybenzophenone when fused with potash. 

The structure of phenolphthalein appears also from its relationship with 
phthalophenone. This substance can be obtained from phthalyl chloride (266) 
and benzene in the presence of aluminium chloride: 



+ 2C,H a 

- > 

A1C1 S 



phthalyl chloride phthalophenone. 


On reduction, phthalophenone is converted into triphenylmethane carb¬ 
oxylic acid (C 6 H 5 ) 2 CH—C 6 H 4 —COOH, which gives triphenylmethane on 
heating with barium hydroxide. This, along with its mode of formation, 
proves the structure of phthalophenone. By nitrating the latter, a dinitro- 
phthalophenone is produced, which can be converted, via the diamino- 
compound and replacement of the amino-groups by hydroxyl (by diazoti- 
sation), into phenolphthalein. 


Colour change of phenolphthalein in alkaline solution. By the action of an equivalent 
quantity of sodium hydroxide on phenolphthalein, there is produced the mono¬ 
sodium salt, which is bright red in colour in solution and is assigned the following 
structure: 


OH 



Sodium salt of phenolphthalein 
(quinonoid form) 

I 


OH 



phenolphthalein 
(lactone form) 

II 


Thus it is assumed that the deep red colour of the sodium salt of phenolphthalein 
is connected with the presence of a quinonoid group in the molecule. In agreement 
with this idea is the fact that a coloured methyl ester of phenolphthalein derived 
from I is known and an isomeric colourless methyl ether derived from II. 

As by-product in the preparation of phenolphtalein, there is produced a compound con¬ 
taining one molecule of water less than phenolphthalein in which the two phenol resi¬ 
dues arc condensed with phthalic anhydride in the oWAo-positions.This compound, which 
is insoluble in alkalis, is called fluorane and contains a y-or 1,4-pyrone ring (325). 
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Fluorescein or resorcinolphthalein is prepared by heating together resorcinol and 
phthalic anhydride to 210° in presence ofsulphuricacidasadehydratingagent. Because 
of its powerful yellowish green fluorescence in alkaline solution, the formation of this 
and similar substances is a very sensitive test for phthalic anhydride (and therefore 
also for phthalic acid) and other 1,2-dicarboxylic acids like succinic acid or resorcinol. 

Eos in is the potassium derivative of tetrabromofluorescein and is produced by bromin- 
ating fluorescein: 



2 mols. of resorcinol 4- 
x mol. of phthalic anhydride 




fluorescein 
(lactone form) 



fluorescein 
(quinonoid form) 


potassium salt of tetrabromo- 
fluoresccin or eosin. 


Eosin may be used for dyeing wool, silk and cotton. 

The Aurins or rosolic acid dyes are hydroxy-derivatives of triphenylmethane. Rosolic 
acid, which is produced by diazotising leucaniline with nitrous acid and warming the 
solution, is not used as a dyestuff but finds application as an indicator; the free acid 

is yellow and its alkali salts violet in colour. 

Aurin, a yellowish brown substance, which dissolves in alkalis with a magenta 
colour, can be obtained from pararosaniline via the diazonium compound or by heating 
phenol with oxalic acid in sulphuric acid: 
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O 



= c 


c,h 4 oh 

C.H.OH 


Aurin 


CH, 



Rosolic acid 


Triphenylmethyl and other related free radicals 

277. By a free radical is meant a compound in which the valency of an 
element is one lower than corresponds with its position in the periodic table. 

The simplest radical containing trivalent carbon is CH 3 , methyl, which 
has already been discussed in 89. Long before the discovery of free methyl 
by Paneth (1929), Gomberg discovered triphenylmethyl in 1900. He wished 
to prepare hexaphenylethane from triphenylchloromethane by a Wurtz- 
Fittig synthesis and he finally succeeded by using finely divided silver or 
copper with the complete exclusion of oxygen: 

2(C,H 5 ) s CC1 + 2Ag—> (C 8 H 5 ),C—C(C e H 8 ), + 2AgCl—. 

The crystalline, colourless hexaphenylethane gave deep yellow' coloured 
solutions, which reacted spontaneously with bromine or iodine with the 
formation of (C 6 H 5 ) 3 CBr and (C 6 H 6 ) 3 C1, respectively, or with oxygen with 
the formation of (C 6 H 5 ) 3 COOC(C 6 H 5 ) 3 and decolourisation of the solution. 

The radical triphenylmethyl is present in the yellow solution: 

(C 8 H 5 ) 3 C—C(C a H s ), 2(C e H 5 ) 3 C. 

From cryoscopic determinations it appears that hexaphenylethane is 
dissociated to the extent of 2 % in benzene solution. 

The degree of dissociation of such compounds can also be determined 
by comparing the absorption of light of solutions of different concentrations. 
When a non-dissociating coloured compound is present, it is found that 
solutions of different concentrations show' the same degree of absorption 
of light if the thickness of the layer of liquid measured is inversely propor¬ 
tional to the concentration (Beer’s law, see also 13.) Beer's law no longer 
holds for substances wTiich dissociate, because the degree of dissociation 
alters with the dilution. In this case the degree of dissociation can be calcu¬ 
lated from absorption measurements. 

In this way Ziegler has determined the equilibrium constant for the 
equilibrium (c 0 h 5 ),c—C(C 0 h 6 ), 2 (C # h 6 ) 3 c, in various solvents and at 
different temperatures. From the change in the equilibrium constant with 
temperature, it is possible to calculate by means of the Van *t Hoff — 
Le Chatelier law, the thermal effect of the reaction, i.e. the heat of disso- 
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ciation; this appears to be about 11 kcal per gram molecule and expresses 
the energy necessary to break the C—C bond in hexaphenylethane. Hence 
this is much lower than the energy value of the C—C bond in H 3 C— CH 3 
(see 88). 

When the phenyl groups in hexaphenylethane are replaced by diphenyl 
groups C 6 H 5 —C 6 H 4 —, the degree of dissociation of the compounds produced 
increases with the number of diphenyl groups in the molecule. Hexadiphenyl- 
ethane does not exist, since it is completely dissociated into tri-diphenyl- 
methyl (C 6 H 5 C 6 H 4 ) 3 C—, which is intensely coloured even in the solid state 

(Schlenk). 

Free radicals are all extremely reactive. They are decomposed by light 
and possess powers of addition. On reduction, triphenylmethane or one of 
its derivatives is produced. 

By the action of finely divided sodium on triphcnylmethyl dissolved in benzene, 
there is produced a red compound (C 6 H 6 ) 3 CNa, in which the group (C 6 H 5 ) 3 C must be 
regarded as an anion (Schlenk). 

It was mentioned in 275 that a solution of triphenylmethyl chloride in liquid sulphur 
dioxide shows electrical conductivity, and the (C 6 H 5 ) 3 C group appears to be the cation. 
The electronic configuration of triphenylmethyl can be represented as follows: 

H H 

/ c = c \ 

where Ar: is HC C : 

V_c/ 

H H 

The triphenylmethyl carbon atom possesses an unshared electron. 

The free radical triphenylmethyl is an electrically neutral molecule. The conversion 
of this molecule into an anion or into a cation is represented as follows: 


Ar 

Ar:C- 

Ar 


“ Ar - 

+ 

Ax 

Ar:C 


Ar: C : 

• • 

_ Ar_ 


_ Ar_ 


triphenylmethyl 

cation anion. 

A solution of hexaphenylethane in liquid sulphur dioxide conducts electricity. It 
is concluded that the triphenylmethyl group is present in such a solution as a cation 
(carbonium ion), because the absorption spectrum of the solution is similar to that 
of a solution of triphenylmethyl bromide in liquid sulphur dioxide, but different 
from that of a solution of triphenylmethyl in ether; in the ethereal solution, which is 
nonconducting, the triphenylmethyl radical Is not converted into an ionic form. 

In the conversion of the triphenylmethyl radical into a triphenylmethyl cation the 
unshared electron from the triphenylmethyl is taken up by the sulphur dioxide. 

According to magnetic theory, compounds possessing an unshared electron in the 
molecule should be paramagnetic. Paramagnetic susceptibility has indeed been ob¬ 
served with tri-biphenyl-methyl both in the solid state and in solution. 
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Radicals are also known in which the trivalent carbon atom is attached 
to two phenyl groups and a substituted vinyl group, e.g.: 

CH,OC,H,\ 

I ,i-dianisyl-3,3-diphenylallyl c-CH=C(C,H,) t . 

Cri 3 U C 0 rl 4 . 


A solution of this compound in benzene contains only the mono-molecular 
form of the compound and is therefore deep green in colour. 


Radicals with divalent nitrogen 


278. These compounds were discovered by Wieland (1911). The analogue of hexaphen- 
ylethane is tctraphenylhydrazine, which is obtained by oxidising diphenvlamine 
dissolved in acetone with potassium permanganate at a low temperature: 


C,H 6 \ /'C a H 6 

NH + O + HN 
C,H 6 / \c 6 h 6 

diplicnylamine 



C«H S \ /'CjHj 

H »0 + N—N 

C 6 U^ \C e H 6 

tetraphcnylhydrazinc. 


This compound partially dissociates in solution in toluene at 90° as follows: 1 


(C a H 6 ) a N N(C # H S ), 2 (C 6 H 6 ) 2 N-. 

As a result of this dissociation the solution assumes a green colour due to the intensely 
coloured radicals R 2 N—. In these compounds the degree of dissociation is increased 
by substituents in the phenyl nuclei such as methyl in the ort /10-position or methoxyl 
or dimethylamino-groups in the para- posit ion. 

Tetra-{[>-dimethylaniinopheny[) hydrazine [(CH 3 ) 2 N—C a H 4 —] 2 N—N[—C # H 4 N(CH3)ol a 
is dissociated to the extent of about 20 % in nitrobenzene solution and to the extent 
of about 10 % in benzene solution, both at 5 0 . 

The solution of telra-anisylhydrazine (CH 3 OC a H 4 ) 2 N—N(C a H 4 OCH 3 ) 2 is colourless 
at ordinary temperatures and becomes deep green on warming due to dissociation 
occurring. On cooling, re-association takes place and the solution becomes colourless 
again. These radicals arc again very reactive and usually unstable. They are not 
sensitive to oxygen but they add on nitric oxide (NO) spontaneously. 

When nitric oxide is passed into a solution of tetraphenylhydrazine, a quantitative 
yield of dtphenylniirosamine is produced (C 6 H 8 ) 2 N—NO. 

Diphenyltriphenylmelhylamine (C a H 5 ) 3 C—N(C 8 H 6 ) 2 is formed with triphenylmethyl. 

Free radicals of the type of triphenylhydrazyl (C a H 5 ) 2 N—N—C 6 H 6 , have been 
discovered by St. Goldschmidt. I 

1 ,i-I)iphcnyl-2-trinitrophcnylhydrazyl is produced in the following way. 

By the action of asymmetrical diphenylhydrazine (I) on picryl chloride (II), 1,1-di- 
phenyl-2-trinitrophenylhydrazine (III) is obtained: 


C*H 6 \ C,H 6 \ 

NNH, -f C 1 C 4 H 1 (N 0 4 ) j —>■ NNHC.HjlNOjl, + HC 1 

CeH,/ C a H 6 / 

I II III 



C e H 6 \ 

NNC e H t (NO t )j. 

c.h 6 / I 

IV 


By oxidation with lead peroxide, the hydrogen atom on the NH-group in III is removed 
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with the formation of 1 ,i-diphenyl-2-tnnitrophenylhydr<izyl (IV). This compound 
consists of dark violet crystals. This radical does not associate to the bi-molecular form 
as is shown by the determination of the paramagnetic susceptibility. 

(xvii) HYDROCARBONS WITH CONDENSED BENZENE RINGS 

(a) Naphthalene and its derivatives 

279. Naphthalene C 10 H 8 was isolated from coal-tar in 1821 (Kidd); the 
empirical formula was established in 1S26 by Faraday. This hydrocarbon 
forms colourless, shining leaflets, melting at 8i°. It boils at 218 0 ; is very vola¬ 
tile (hence its occurrence in coal-gas) and has a characteristic odour; it is very 
sparingly soluble in water but dissolves readily in many organic solvents. 

Naphthalene occurs in coal-tar in larger quantities than any other hydrocarbon 
and is recovered by cooling the carbolic and creosote oil fractions. The crude naphtha¬ 
lene is treated with concentrated sulphuric acid to remove impurities and is then puri¬ 
fied by distillation and recrystallisation. 

The structure of naphthalene. As will appear in the discussion on the 
substitution products of naphthalene, the latter shows the properties of an 
aromatic compound. The structural formula was suggested in 1866 by 
Erlenmeyer on the basis of Kekule’s formula for benzene and was proved 
experimentally in 1869 by Graebe. The proof given below is based on the 
same reasoning as that of Graebe but is somewhat simpler (Nolting). 

Phthalic acid (266) is produced on oxidising naphthalene. From this it 
follows that the structure may be written as C 6 H 4 <}C 4 H 4 , in which the 
group C 4 H 4 is attached to two oW/jo-positions in the benzene nucleus. 
Similarly, nitronaphthalene is converted into nitrophthalic acid. Hence in 
this case also, the C 4 H 4 -group is degraded to two carboxyl groups: 

oxidation /COOH 

O 2 NC 0 H 3 <}C 4 H 4 -o 2 nc 6 h 3 

\COOH 

nitronaphthalene nitrophthalic acid- 

If the nitro-group in nitronaphthalene is reduced and the resultant 
aminonaphthalene (naphthylamine) is oxidised then phthalic acid is again 
produced. With aminonaphthalene, oxidation commences at the easily 
oxidisable amino-group: 



From this it follows, that the C 4 H 4 -group with two carbon atoms of the 
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benzene ring, form a second benzene nucleus, so that the structure of naph¬ 
thalene must be represented by a formula in which two benzene rings are 

condensed or fused together at ori/*o-positions. 

The structure of naphthalene has been confirmed by various syntheses. 
On heating 3-phenylpropene-2 i-carboxylic acid (phenylisocrotonic acid) a 
hydroxy-derivative of naphthalene is produced, namely, cc-naphthol, from 
which naphthalene can be produced by distillation with zinc dust. 


H 




phenylisocrotonic acid 



OH 


a-naphthol 



naphthalene. 


From the above, it also follows that phthalic acid is an ort/»o-compound, for if 
it is assumed, for example, that the acid has the meta-structure, then naphthalene 

must be represented by ' which is not in accordance with the experimen¬ 

tal data, because a derivative of benzene would not then be produced by the oxid¬ 
ation of both nitro- and amino-naphthalene. 


The structure of naphthalene can be represented therefore by three 
formulae, which differ only in the positions of the double bonds: 



i 

(Structure according to 
Erlenmeyer-Graebe) 


vA 

ii 


y\ 

A/ 

hi 


(Structure according to Erdmann). 


Structure I contains two six-rings in which there are three double and three 
single bonds as in a benzene ring; in structures II and III only one six-ring 
has this configuration. 


It is now accepted that naphthalene is a mesomeric form, to which the three valency- 
structures I, II and III, are related (compare 215). In agreement with this idea is 
the fact that the distances between any two neighbouring carbon atoms in the naph¬ 
thalene molecule are approximately equal and amount to 1.39 A. Diacetyl and small 
amounts of methylglyoxal are formed by the action of ozone on 2,3-dimethylnaph- 
thalene followed by decomposition of the ozonide, which indicates that this dimethyl- 
naphthalene can react in accordance with different valency structures (Wibaut, Van 
Dijk, Kampschmidt). 
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280. It makes no difference which formula is accepted for studying isomer¬ 
ism phenomena, since for this purpose, the simplified formula IV, in which 
the carbon atoms on which substitution may occur are numbered, may be 
used. Mono-substitution products can occur in two isomeric // x x ,/\ 
forms, since the substituent may be attached to one of the car- ,» • 

bon atoms 1, 4, 5 or 8, which are directly attached to the carbon 

• i \ * 

atoms common to the two ring systems, or to one of the carbon 

atoms 2, 3, 6 or 7. In the former case the compounds are known as a-substi- 

tution products and in the latter case as ^-substitution products. Both groups 

of carbon atoms are mutually equivalent. 

With two like substituents, ten and with dissimilar substituents, fourteen 
isomers are possible. With three dissimilar substituents the number of 
isomers is still greater. A 4,5-substitution product is designated also as 
aa'- and a 3,6-substitution product as Substitution in positions 4 and 

5 or 1 and 8 is also known as ^^/-substitution. In some respects this shows 
similarity to ortho-substitution, for example peri -naphthalene dicarboxylic 


acid 



COOH 

COOH 


forms an anhydride like phthalic acid. 


Oxidation of naphthalene derivatives, is an important method used foi 
their orientation. If a disubstituted phthalic acid is produced, then the 
substituents present in the acid occur in the same benzene ring in the 
naphthalene derivative. Hence, if the positions of these substituents in 
the phthalic acid are known, their positions in the naphthalene derivative 

are known also. 

Further, the same method is used as for the relative orientation of benzene 
derivatives (217), i.e. the conversion of compounds with substituents in 
unidentified positions into compounds in which the positions of the substi¬ 
tuents are known. On account of the large number of isomers, orientation 
in naphthalene derivatives is sometimes difficult, and therefore, in a number 
of cases the positions of the substituents are still not known with certainty. 

Homologues of naphthalene. Methyl- and ethyl-naphthalene can be obtained 
by the methods of Fittig or of Friedel and Crafts (218). 

a -Methylnaphthalene is a liquid boiling at 240-242°. (3-M ethylnaphthalene 
melts at 32 0 ; both occur in coal-tar. On oxidation they give a- and p- 
naphthoic acid , respectively, which are similar in properties to benzoic acid. 
These acids are converted into naphthalene by distillation with lime. 

Hydrogenated naphthalenes. Naphthalene can be hydrogenated more easily 
than benzene. All the steps in the hydrogenation from dihydronaphthalene 
to decahydronaphthalene are known, each successive compound having 
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two more atoms of hydrogen than its predecessor, i,4-Dihydronaphthalene 
Ci 0 H 10 , is produced by the action of sodium and alcohol on naphthalene. 
On oxidation it is converted into o-benzenediacetic acid: 



H H 



ui hydronaphthalene 


a CH 2 COOH 

CH,COOH 


o-benzenedi acetic acid. 


From this it follows that the hydrogen in positions 1 and 4 is added on 
to the system of conjugated double bonds. 

Tetrahydro- and decahydronaphthalene (commercial names tetralin and 
decalin) are prepared commercially by hydrogenating naphthalene with 
hydrogen under a pressure of 10-15 atmospheres in the presence of a finely 
divided nickel catalyst. They are used as solvents. 


Decahydronaphthalene exists in two stereoisomeric forms, both of which occur in 
the crude hydrogenation product from which they can be isolated by fractional 
distillation (W. Huckel). c/s-Decahydronaphthalene boils at 193 0 and has d*° = 0.898. 
/mws-Decahydronaphthalene boils at 185° and has d*° = 0.871. The molecular heat 
of combustion is 1497 kcal for the /mns-isomer and 1500 keal. for the cis-isomer. 
When Mohr models arc constructed with strain-free rings (288) the carbon atoms 
in both (cyclohexane) rings do not then lie in a plane; it appears that two space models 
are possible. In the cis-form the two hydrogen atoms attached to the two carbon 
atoms 9 and 10 common to both rings, lie in the same segment in space. 




In the /rrt>js-isomer these hydrogen atoms lie in different segments; the position of 
the two cyclohexane rings (formed by carbon atoms 1, 2, 3, 4, 10 and 9 and 5, 6, 7, 
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8. 9 and 10) with respect to each other is different in these two configurations. Figs. 
Ill and IV represent perspective drawings for the cis- and /mns-models respectively, 
in which the bond between carbon atoms 9 and 10 is shaded. 


Substitution products of naphthalene 

281. From recent investigations it has been found that the course of the 
bromination and the chlorination of naphthalene is influenced to a consider¬ 
able extent by temperature and by particular catalysts (Wtbaut, Suyver, 
Sixma, Bloem). When an excess of bromine is allowed to react with molten 
naphthalene at temperatures between 100 5 and 200°, the main pioduct is 
i-bromonaphthalene along with a few percent, of 2-bromonaphthalene. 

In the bromination of naphthalene vapour, the formation of 2-bromonaphthalenc 
increases rapidly in the temperature range between 350° and 500- ; above 500 equal 
quantities of 1- and 2-bromonaphthalenes are formed and under these conditions the 
isomeric mono-bromonaphthalenes are not converted one into the other. 1 his is the 
case, however, when the bromination is carried out with the aid of ferric bromide 
or chloride catalysts when the formation of both 1- and 2-bromonaphthalenc is revers- 



As a result of this reversible bromination, an equilibrium is set up between 1- and 
2-bromonaphthalene, the mixture containing about 60% of the latter; the equilibrium 

ratio is only slightly influenced by the temperature. 

Therefore in bromination with ferric chloride as a catalyst 60% of 2-bromonaph- 

thalene is formed. , 

In chlorinations carried out in presence of a little iodine as catalyst, the chict 

product is i-chloronaphthalene along with a little 2-chloronaphthalene, the amount 

of the latter increasing with temperature. The halogen atom in the monochloro- and 

bromo-naphthalenes is rather more mobile than that in mono-chloro- or mono-bromo- 

benzene. They are not affected, however, by boiling with dilute caustic soda. 

Mono-nitronaphthalene C 10 H v NO 2 , m.p. 6i°, is produced by the action 
of concentrated nitric acid on naphthalene. On reduction of this nitro- 
phthalene a naphthylamine is produced, which may be converted into the 
same naphthol as is obtained from phenylisocrotonic acid (279). From this 
it follows that the nitro-group is situated in the a-position. 

a-Nitronaphthalene is important for the orientation of mono-substitution 
products since the nitro-group can be replaced by various other groups via 
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the amino- and diazonium groups. If it is known that a mono-substituted 
naphthalene is an a-compound, its isomer must be a ( 3 -compound. 

$-Nitronaphthalene is produced in small quantities in the nitration of naphthalene 
f'FiERZ David and Sponagel) but is prepared by a roundabout method. It melts at 

79 °. 

Mono-sniphonic acids of naphthalene. cn-Naphthalenesuiphonic acid C 10 H 7 - 
S 0 3 H, is produced by heating naphthalene with concentrated sulphuric acid 
at 8o°. The ( 3 -acid is produced as the chief product by heating this mixture 
to 160 0 . Both isomers are interconvertible when treated in this way. At 160° 
the equilibrium mixture is composed mainly of the ( 3 -isomer. 

Naphthols C 10 H,OH are produced by fusing the sulphonic acids with 
potash. (x.-Naphthol melts at 95 0 and boils at 282° and like (3-naphthol it occurs 
in coal-tar. $-Naphthol melts at 122 0 and boils at 288°. Both are soluble in 
caustic potash solution. The naphthols are very similar in properties to the 
phenols (229). The hydroxyl group can be replaced more easily in naphthols 
than in phenol. 

Decahydronaphthols (decalols) are produced by the catalytic hydrogenation of 
a- or ( 3 -naphthol. From stereochemical models it follows that four stereo isomeric decahy¬ 
dronaphthols, each of which consists of a racemic mixture, can be produced from one 
naphthol. Indeed Huckel has found four racemic decalols related to ( 3 -naphthol 
(compare the figures on page 456). 

M ono-aminonaphthalenes or naphthylamines C 10 H 7 NH 2 . cl-N aphthylamine 
can be prepared by reducing a-nitronaphthalene. $-N aphthylamine is pre¬ 
pared by heating ( 3 -naphthol with an aqueous solution of ammonium sul¬ 
phite and ammonia at 100-150° (Bucherer). In this reaction the salt of a 
naphtholsulphite ester, which changes over into ( 3 -naphthylamine and sul¬ 
phite, is produced as an intermediate product. This reaction is reversibile 
thus: 

C 10 H 7 OSO a NH 4 + 2 NH s CjoHjNH, + (NH 4 ),SO,. 

a-Naphthylamine melts at 50° and has an unpleasant odour. ( 3 -Naphthyl- 
aminc melts at 112 0 and is practically odourless. Salts of a-naphthylamine 
give a blue precipitate with ferric chloride and other oxidising agents, salts 
of ( 3 -naphthylamine do not react with these reagents. 

Various isomeric naphthylaminesulphonic acids are produced by sulphon- 
ating the naphthylamines. i-Naphthylamine-4-sulphonic acid or naphthionic 
acid (see 255) is produced in this way from a-naphthylamine; on heating the 
reaction mixture for a long time, this acid is converted into i-naphthyU 
amine-6-sulphonic acid. 

The naphthols, naphthylamines and the sulphonic acids of naphthalene 
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and its derivatives are important primary products for the manufacture 
of dyestuffs. As examples may be mentioned the following sulphonie acids 
containing a hydroxyl group and an amino- and a hydroxyl group, respect¬ 


ively : 


no 


Nil 


HO 



OH 

S 0 3 H 


and 



SOdl 


2-naphthol-3,6-dUu)phonic acid 

(R-acid) 

(R-acid and H-acid arc the technical names of these intermediates). 


1 -amino-8-naphtI10I-3,6-disulphonie acid. 

(11-acid) 


These, and other substituted naphthalenesulphonic acids are used in the 
preparation of azo-dyestuffs. 

Naphthoquinones C 10 H 6 O 2 . Besides a- and (3-naphthoquinones, aniphi- or 
2,6-naphthoquinone is also known. These quinones can be prepared, in 
general, in the same way as benzoquinones (233): 



0 

11 

0 



A 


//8 VM'\ = 0 

I 7 I I 


K) 

11 


° = xyx/ 

•» 

0 

a-naphthoquinone 

(E-naphthoquinonc 

/n-naphthoquinone. 


a -Naphthoquinone is produced by oxidising various a-derivatives or 
1,4-derivatives of naphthalene. It is prepared, however, by the oxidation of 
naphthalene with a boiling solution of chromic acid in glacial acetic acid 
(compare the preparation of anthraquinone 282): 

o 

oxidation 
->- 


a-naphthoquinone. 




naphthalene 


It is a yellow, crystalline compound, m.p. 125 0 , which is volatile in steam 
and possesses a penetrating odour. On oxidation it gives phthalic acid. In 
this way it is proved that both oxygen atoms are attached to the same 
benzene nucleus, i.e. there is only one quinonoid ring in a-naphthoquinone. 
With hydroxylamine a dioxime is formed. 

The position of other disubstituted naphthalenes can be determined from 
the structure of a-naphthoquinone. If this quinone is produced from a parti¬ 
cular derivative by oxidation, with the elimination of the two substituents, 
then the original substituents are present in positions 1 and 4. 
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Various dyestuffs occur in the vegetable kingdom which arc derivatives of a-naph- 
thoquinone. Another important derivative is vitamin-K x or phylloqumone (see 306) 
to which the following structure is assigned (Doisy; Fieser) : 



— CH=C—(CH 2 ) 3 —CH—(CHj) 3 CH (CH,), CH CH, 


I 

CH, CH, 

vitamin-K| 


or 


1 

CH, CH, 

phylloquinone. 


Thus this compound is an a-naphthoquinone carrying a methyl group and a phytyl 
group (see 95) as substituents. 

( 3 -Naphthoquinone is produced by oxidising 1,2-aminonaphthol. It crystallises in 
red needles, m.p. 115—120°; it is odourless and not volatile in steam. 

Amphi- or 2,6-naphthoquinone is produced by oxidising 2,6-dihydroxynaphthalene 
with lead dioxide in benzene solution. It is odourless, non-volatile in steam and crystal¬ 
lises in red needles. Both the benzene nuclei in a/wpAi-naphthoquinone have a quinonoid 
structure. This compound has more powerful oxidising properties than a- and p-naph- 
thoquinone. 


(b) Anthracene and its derivatives 


282. Anthracene C 14 H 10 , was discovered in 1832 by Dumas and Laurent; 
this hydrocarbon melts at 218° and boils at 342 0 and its crystals show a 
bleu fluorescence. 

Anthracene occurs in coal-tar to the extent of 0.25-0.45 %. By fractional distillation 
of anthracene oil (219), a product containing about 50 % of anthracene can be obtained. 
This product is then distilled with potash to remove carbazole (317); the distillate 
then consists of anthracene and the isomeric phenanthrene (284), which are separated 
by making use of the difference in solubility in crude pyridine oils. The anthracene 
is eventually purified by recrystallisation. 

The structure of anthracene was established mainly by Graebe and 
Liebermann on the basis of its relationship with anthraquinone and was 
confirmed by synthesis from benzene and tetrabromoethane in presence 
of aluminium chloride (Anschutz) : 

CH CH CH CH CH CH CH CH 

HCj^\cH + BrCHBr HCj^^CH 1 AlCI > 3 Hc/^^.^NcH p HC^V^^ 

hc \/ ch Bri = HBr hc! \/ !ch Hc WWW cH ° r hc WWc\s/ ch 

CH CH CH CH CH CH CH CH 

benzene tetrabromo- benzene I anthracene II. 

ethane 

In formula I carbon atoms 9 and 10 are joined by a valency bond, which 
is difficult to explain when the distance between these carbon atoms is 
taken into consideration, therefore formula II is preferred. Mesomerism 
between various valency structures (215) is now accepted for anthracene. All 
the substitution products of anthracene can be represented by the simplified 
formula III. 
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It may be seen that three mono-substitution products are possible, viz. 
with substituents in positions i = 4 = 5 = $> 2 = 3 = 6=7, and 9 = 10. Fifteen 
di-substitution products are possible when the substituents are identical. 

Some reactions of anthracene take place preferentially on carbon atoms 
9 and 10. Reduction with sodium amalgam gives 9,10-dihydroanthracenc 



This substance is very easily produced also by catalytic reduction but is 

rapidly reduced still further (Schroeter). 

Anthraqiiinone C 14 H s 0 2 , is produced when 9,10-dihydroanthracene is 
oxidised with chromic acid. This important derivative of anthracene was 
first obtained by Laurent by the interaction of nitric acid on anthracene 
(1840). It is prepared by the action of sodium bichromate and sulphuric 
acid on anthracene. The structure of anthraquinone is proved by the 
following syntheses. 

Phthalic anhydride and benzene in the presence of aluminium chloride 
interact to form o -benzoylbenzoic acid, which is converted quantitatively 
into anthraquinone and water by treatment with concentrated sulphuric 
acid. This method of making anthraquinone is also used on a technical scale: 

o 
II 

IkSO, /\A/V 

h 5 -li l|n fliiij + h ; o 

II 

o 

phtalic anhydride benzene o-bcnzoylbenzoic acid anthraquinone. 

From the above synthesis it follows that rings I and II are condensed 
in ortho positions. Proof that this is also the case for rings II and III is 
as follows. 

A bromoanthraquinone can be prepared from 4-bromophthalic acid. 


II 

o . 

bromophthalic benzene bromobenzoyl-benzoic acid bromoanthraqmnone. 
anhydride 





CO 




CO 


\ 


C, 

CO OH 
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By the action of potash, the bromine atom in the bromoanthraquinone 
can be replaced by hydroxyl and when the resultant hydroxyanthraquinone 
is oxidised by nitric acid, phthalic acid is produced. 




hydroxyant hraquinone 


HOOC 


HOOC 



phthalic acid. 


The benzene ring in the phthalic acid so obtained, is derived from ring III 
of the bromoanthraquinone, so that in ring III also the two carbonyl groups 
are attached in or/Ao-positions, (compare the proof of the structure of naph¬ 
thalene 279). Since anthraquinone can be converted into anthracene by 
powerful reduction, the above provides another proof of the structure of 
anthracene. 

From the structural formula of anthraquinone, it follows that the latter 
can give rise to two mono-substitution products; both derivatives are 
known in a large number of cases. 

Anthraquinone crystallises from glacial acetic acid in pale yellow crystals 
melting at 277 0 ; it sublimes easily at higher temperatures. It is a very stable 
compound, which is attacked by oxidising agents only with difficulty; it 
does not possess the characteristic properties of a quinone such as the 
ability to act as an oxidising agent but shows rather the properties of a 
diketone. On fusion with potash it forms benzoic acid and gives a dioxime 
with hydroxylamine. 


By carefully reducing anthraquinone with zinc dust and caustic soda, the di-sodium 
derivative of anthrahydroquinone is produced. Anthrahydroquinone, m.p. 180°, consists 
of yellowish brown crystals; the neutral solution show’s an intense green fluorescence. 
It dissolves in alkali with a red colouration; this solution becomes colourless when 
shaken with air due to the formation of anthraquinone. This is a sensitive reaction 
for the latter compound. 



anthrahydroquinone 



O 

II 



Oxanthrone is isomeric with anthrahydroquinone. By treating the latter with cold 
alcoholic hydrochloric acid, about 3 % is converted into oxanthrone and when oxan- 
thronc is treated in the same way, about 97 % is converted into anthrahydroquinone. 
In other words an equilibrium mixture of the two compounds is produced. Oxanthrone 
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is a colourless substance melting at 167°. These isomers are examples of tautomeric 
compounds both of which are stable in the solid state. 

Anthrone is produced by reducing anthraquinone with tin and hydrochloric acid. 
When antlirone is warmed with alkalis it passes into solution and on acidifying the 
latter, the tautomeric compound anthranol, is precipitated : 


O 

11 


H 

O 




Anthranol, which shows a deep blue fluorescence in solution, is readily converted 
into anthrone. Similarly, when anthrone is boiled in acetic acid solution a little 
is converted into anthranol. Thus anthranol is to be regarded as the enol form of 
anthrone. 


283. Hydroxyanthraquinones. The most important compound in this 
group is alizarin C 14 H 8 0 4) a red dyestuff, which was at one time produced 
on a very large scale from the roots of the madder plant ( rubia tinctorum). 

A glucoside (179) ruberythroside C 26 H 26 O i3 , which occurs in these roots, is split up 
on boiling with dilute sulphuric or hydrochloric acid into alizarin and the disaccharide 
primverose ; the latter breaks down further on continued hydrolysis into ^-glucose 
and rf-xylose. The name alizarin is derived from “alizari the name used for madder 
in the Middle East. 


The structure of alizariyi was established in 1868 by Graebe and Lieber- 
mann, who also discovered the first synthesis of this dyestuff. Since that 
date alizarin has been prepared synthetically from anthraquinone in 
very large quantities. 

Alizarin melts at 289° and sublimes in orange-red needles. It is insoluble 
in water and sparingly soluble in alcohol. It dissolves in alkalis with an 
intense blue colour and has therefore the properties of a phenol. It can be 
acetylated to form a diacetate. On powerful reduction, e.g. by distilling 
alizarin with zinc dust, anthracene is produced, which establishes the 
carbon skeleton. Since alizarin can be obtained by fusing dibromoanthra- 
quinone with potash, it must be a dihydroxy-derivative of anthraquinone. 

In the oxidation of alizarin, phthalic acid is formed, showing that the 
molecule contains one benzene nucleus unsubstituted by hydroxyl groups. 

On heating phthalic anhydride and catechol to 150° with sulphuric acid, 
alizarin is produced along with another isomeric dyestuff hystazann. From 
this it may be concluded that one of the formulae I or II represents alizarin: 
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OH 

CO\^ 

O 

co/ X 

OH 


— OH 





— OH 

— OH 


alizarin 


II 

hystazarin. 


On nitrating alizarin, two isomeric mono-nitro-derivatives are obtained, 
both of which give phthalic acid on oxidation. From this, not only does it 
follow that the nitro-group is situated in the same benzene nucleus as the 
hydroxyl groups, but also that structure I must be assigned to alizarin, 
since only from this structure can two such isomeric-nitration products be 
obtained. 

For the technical preparation of alizarin, anthraquinone is heated to 
160 0 with oleum containing 50 % of sulphur trioxide to form anthraquinone- 

( 3 -sulphonic acid: 



anthraquinone anthraquinone-($-sulphonic acid. 

When the sodium salt of this acid is fused with sodium hydroxide and air 
is passed through the mixture at the same time, the —S 0 3 Na group is 
replaced by an ONa-group and simultaneously a second NaO-group is 
introduced into the molecule. The latter reaction takes place much more 
easily if an oxidising agent like potassium chlorate is added to the melt. 
The di-sodium derivative of alizarin is formed in this reaction and the 
dyestuff is obtained by acidifying the product. This process was discovered 
simultaneously by Graebe and Liebermann and by Perkin. 

If the sulphonation of anthraquinone is carried out with fuming sulphuric acid 
in which mercuric sulphate is present, anthraquinone-a.-sulphonic acid, which is also 
used as the starting material for the manufacture of a number of dyestuffs, is practic¬ 
ally the sole product (Dunschman, Iljinski, R. E. Schmidt). It is found that in the 
presence of 0.035% °f HgS 0 4 , 61 % of p-sulphonic acid and 39% of a-sulphonic acid 
are produced; in the presence of 1 % or more of HgS 0 4 the ratio is 16.3 % of ( 3 -sulphonic 
acid and 83.7% of a-sulphonic acid, while in the absence of HgS 0 4 98-100% of the 
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( 3 -acid is produced (Wibaut and CorrENs). This is a striking example of the directive 

influence of a catalyst (compare 272, 335). 

With metallic oxides, alizarin gives insoluble coloured compounds which are known 
as “lakes”; they are complex compounds with the metal oxide combined with the 
oWAo-orientated hydroxyl groups in the alizarin (compare 255). The colour obtained 
depends on the oxide used; the compound of alizarin and iron oxide is blackish violet, 
the chromium oxide compound is bordeaux-red, the calcium compound blue and the 
tin and aluminium compounds different shades of red (turkey red). In dyeing with 
alizarin the metal oxides are applied to the cloth beforehand (“mordanting” 252). 

Etnodins. Derivatives of trihydroxymethylanthraquinones occur in the vegetable 
kingdom sometimes in the free state and sometimes in the form of glucosides (179) 
or as methyl ethers; some of these compounds arc used as purgatives. 

Pur pur in, 1,2,4-trihydroxyanthraquinone C a H 4 (CO) 2 C a I I(OH) 3 is a dyestuff, also 


occurring in madder root. 

Besides alizarin there are a number of other important dyestuffs in 


use which are 


related to anthraquinone; in fact the anthraquinone dyestuffs are of great importance. 
By fusing 2-a>ninocinlhraquinone with potash indanthrone (Indanthrene Blue R) is 
produced; this is very fast to light and is used as a vat dyestuff (compare 3 *^) • 



indanthrone. 


Various other important dyestuffs, e.g. dibenzanlhrone and its derivatives, which are 
built up of condensed ring systems based on anthraquinone as the starting material, 
are known besides indanthrone. 


(c) Phenanthrene and its derivatives 


284. Phenanthrene, C 14 H 10 , melts at ioi°, boils at 340° and is soluble in many 
organic solvents; the alcoholic solution fluoresces blue. This hydrocarbon, 
which is isomeric with anthracene, was isolated from coal-tar simultaneously 
by Fittig and Ostermayer and by Glaser and Graebe (1872). The first 
mentioned investigators deduced its structure from the following facts. By 
oxidising phenanthrene, phenanthraqmnone , C 14 H 8 0 2> is produced and from 
this, diphenic acid (273) is formed on further oxidation: 


o o 


II H 



phenanthrene phenanthraquiuone 



diphenic acid. 
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This structure of phenanthrene is confirmed by the formation of phenan- 
threne by passing the vapour of 1,2-diphenylethene (stilbene) through a red 

hot tube (Graebe): 


<5 


CH=CH 






phenanthrene. 

In this formula the distribution of single and double bonds in rings I, II 
and III is the same as in the benzene ring. 


It is possible to construct two other formulae, besides the one represented above, 
with alternative arrangements of single and double bonds. Mesomerism between 
different valency structures is accepted therefore in the case of phenanthrene. 

The way in which the three six-rings are arranged in the molecule of phenanthrene 
is called angular annellation since the centres of the three hexagons do not lie on a 
straight line; in anthracene on the other hand, one speaks of linear annellation since 
the centres of the three hexagons now lie on a straight line. 

From the structural formula of phenanthrene it follows that five isomeric 
monosubstitution products are possible, since 1 = 8, 2=7, 3=6, 4=5 an d 
9 = 10. 

Phenanthrene easily adds on a molecule of bromine, the bromine atoms 
being attached to carbon atoms 9 and 10. By catalytic hydrogenation with 
a copper-chromium oxide catalyst, dihydrophenanthrene is produced, in 
which an atom of hydrogen is added to each of carbon atoms 9 and 10. 
In the above-mentioned oxidation of phenanthrene with chromic acid, the 
9 and 10 CH-groups are oxidised to carbonyl groups. The group —CH=CH— 

9 10 

is therefore the reactive group in phenanthrene and in this respect is comp¬ 
arable with the CH-groups in positions 9 and 10 in the anthracene molecule. 
In both cases these reactive CH-groups make up part of a six-ring which is 
condensed with two other six-rings. 

Phenanthraquinone crystallises in orange coloured needles melting at 
205°. It is odourless, non-volatile with steam and can be distilled without 
decomposition. A dioxime can be produced by the action of hydroxylamine 
on phenanthraquinone and the latter also forms an addition compound with 
sodium bisulphite. Hence phenanthraquinone shows the properties of a 
diketone; on the other hand, it also shows some of the properties of a 
quinone, as is apparent, for example, in its easy reduction to phenanthra - 
hydroquinone, which is very easily reoxidisable. 

The phenanthrene ring system occurs in the molecules of a number of 
important natural products including cholesterol and related compounds 
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(304) and morphine (362). On account of the importance of phenanthrene, 
a synthesis, which can also be used for the preparation of several of its 
derivatives, and which was discovered by Pschorr (1900), is worthy of 
mention. o-Nitrobenzaldehyde is condensed with phenylacetic acid to undergo 
a Perkin reaction: 




i-phcnyl-o-nitrocinnamic acid. 


By reducing the nitro-group, 1 -phenyl-o-aminocinnamic acid is produced and 
this, on diazotisation and treatment with copper powder in sulphuric acid 
solution, gives an almost quantitative yield of phenanthrene io-carhoxylic 
acid by the splitting off of water and nitrogen and this acid loses carbon 
dioxide on distillation with the formation of phenanthrene: 




diazo-dcrivativc of 1-phenyl 
o-aminocinnamic acid 



phenanthrene 
10-carboxylic acid 



phenanthrene 


If the methyl ether of o-nitrovanillin (I) is used instead of o-nitrobenzalde- 
hyde, then a dimethoxyphenanthrene (III), morphol dimethyl ether, a. degrad¬ 
ation product of morphine, can be obtained via the carboxylic acid II: 


H 


H 





(d) Naphthacene and its derivatives 

285. Naphthacene, C, 8 H 12f an orange yellow hydrocarbon melting at 337 0 , has four 
six-rings condensed linearly, and is the parent compound of a remarkable derivative, 
viz. rubrene or 5,6,1 1,12-teiraphenylnaphthacene. This hydrocarbon is red in colour. 
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and when exposed to light readily takes up a molecule of gaseous oxygen giving a 
colourless oxide, which decomposes again into oxygen and rubrene when warmed while 
being irradiated with light. Thus this is an example of a hydrocarbon, which can form 
a dissociable oxide (Moureu and Dufraisse) : 


C,H 6 C 0 H 5 




CHAPTER 10 


ALICYCLIC COMPOUNDS 

(?) CYCLANES AND THEIR DERIVATIVES 

286. Cyclanes are hydrocarbons having the general formula C n H 2n ; they 
are isomeric with the alkenes but have a cyclic structure (81). Although 
they show similarities in chemical behaviour with the aliphatic compounds 
from whence they derive the name “alicyclic”, they possess important 
differences due to the cyclic structure of the molecule. 

First of all, general methods of preparation and properties will be given 
for cyclanes with 3, 4, 5, 6 or more carbon atoms in the ring, and then some 
of the most important derivatives of this large group of compounds will 
be discussed in more detail. 

Cyclopropane C 3 H 6 , the first member of the homologous series of cyclanes, 
is prepared by treating 1,3-dibromopropane (108) dissolved in boiling xylene 
with sodium: 

CH t Br CH 2 Br + sNa—>- H,C-CH 2 + 2NaBr. 

In this reaction, propene (81) is also produced as an isomeric by-product. 

Unlike propene, cyclopropane (b.p.—32.9 0 ) does not react with dilute potas¬ 
sium permanganate solution at ordinary temperatures. ??-Propyl iodide is 
formed by the action of very concentrated hydriodic acid at o°. Bromine 
reacts slowly with the formation of 1,3-dibromopropane. When cyclopropane 
is passed over aluminium oxide at 250° it is partially converted into propene. 

When cyclopropane is mixed with hydrogen and the mixture is passed 
over finely divided nickel, it is converted into M-propane. 

In these reactions the ring of three carbon atoms in the cyclopropane 
molecule readily passes over into an open chain configuration containing 
three carbon atoms. 

Cyclobutane C 4 H 8 . Derivatives of this compound can be obtained by the 
interaction of di-sodium ethyl malonate and 1,3-dibromopropane (Perkin): 

CHjBr 

| /COOCjH, CH; CH 2 

CHj + Na 2 C —>- | I/COOCjHj + 2 NaBr. 

I \cooc 2 h 5 ch 3 —c 

CH 2 Br \COOCjH 6 

I 
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In this reaction diethyl cyclobutane dicarboxylate (I) is produced; 
cyclobutane dicarboxylic acid, obtained from the ester on hydrolysis, 
loses carbon dioxide on heating, with the production of cyclobutane mono- 
carboxylic acid. Cyclobutane was prepared from this acid by Willstatter, 
by a method which can also be applied in other cases for the preparation of 
hydrocarbons (216). The amide of cyclobutane mono-carboxylic acid (II) 
is converted into cyclobutylamine (III) (78); by methylating this amine, 
the quaternary ammonium iodide (IV) is obtained; the quaternary base V 
is decomposed by heating with the formation of cyclobutene (VI), which 
is converted into cyclobutane (VII) by catalytic hydrogenation over nickel 
at 100 5 : 


IljC-CHCONII 

I 


II,C — CH 


II 


NaOBr M,C — CHNH, CH 3 I H,C — C HN(C H S ) 3 I 

~ > II,C — ClI, H,C-CH. ^ 

cyclobutylamine 

III IV 


II 2 C — CHN<CH,) 3 OH 
H,C —CH, *" 


H,C— CH 


HjC —CH 
cyclobutenc 

VI 


+ N(CH 3 ), -f HjO 


H, H.C-CH 


H.C-CHj 

cyclobutane. 

VII 


( yclobutane reacts at o with concentrated hydriodic acid. It reacts with 
hydrogen over finely divided nickel to form n-butane but not below a 
temperature of 180 . hrom this it follows that the ring of four carbon atoms 

in cyclobutane is opened less readily than the ring of three carbon atoms 
in cyclopropane. 


287. Cyclopentane C 6 H I0 . Derivatives of cyclopentane and the higher members 

of the series can be prepared by the following general method. Alicyclic 
ketones are produced by heating the calcium salt of a dibasic acid of the 
type IIOOC(CH,) n COOH. in which n is greater than three. Thus cyclopen- 
tanone is produced from calcium adipate, and this can be converted into 
cyclopentane via the secondary alcohol, cyclopentanol, the iodide iodo- 
cyclopentane, and reduction of the latter: 


CH t CH.COOv 


Ca 


CM,CH,COO/ 
calcium adipate 


r rr» CII a CII a \ aH CH,CH lX 

CaC °3 + I CO —► | CHOH 

CH.CII,/ C H|CH t / 

cyclopentanone 


cyclopentanol 


ciijCH 




CHjCH, 


C1II 


CII j C H,\ 


CH 


CHjCH,/ 

cyclopentane 


Ihe structure of cyclopentane follows from this method of formation and 
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from the oxidation of cyclopentanone to propane 1,3-diearboxylic acid 
(glutaric acid): 

CH,CH.\ 3O CH 3 CH 2 COOH 
| C O —> | 

CHoCHj/ CH.COOH 

propane 1,3-dicarboxylic acid. 


Cyclopentane is also produced by the action of zinc dust on 1,5-dibromo- 
propane. 

Cyclopentane behaves like a saturated hydrocarbon. It does not react 
with hydriodic acid below 200°. At ordinary temperatures it is quite stable 
towards dilute potassium permanganate solution. n-Pentane is produced 
from cyclopentane by catalytic reduction over platinum; for this to occur, 
however, a temperature of 300-310° is necessary. From these examples it 
follows that the cyclopentane ring is opened only with difficulty. 

Cyclohexane C 6 H 12 . By heating the calcium salt of pentane 1,5-dicarboxylic 
(pimelic) acid there is formed cyclohexanone, from which cyclohexanol (289) 
is produced by reduction; by splitting off water from the latter compound, 
cyclohexene is obtained, which may be reduced catalytically to cyclohexane. 

An almost quantitative yield of butane 1,4-dicarboxylic (adipic) acid is 
obtained by oxidising cyclohexanone. This establishes the structure of this 
cyclic ketone: 


H 


h 2 c 


co 


HNOj 
- > 


H 2 

c 


H a C 


H,C 


CH 


H a C 


COOH 

COOH 


H 


h 2 


cyclohexanone 


butane 1,4-dicarboxylic (adipic) acid 


Cyclohexane and its derivatives were first studied by Baeyer (1894) who applied 
the following elegant synthesis for their preparation: under the influence of sodium 
ethylate, diethyl succinate undergoes a condensation comparable with the ester 
condensation of Claisen and Wislicenus (146): 


H S C—COOC 2 H 5 

+ 

CjHjOOC-CH, 


H a C—COOC.Hj 

c 2 h 6 ooc—ch 2 


diethyl succinate 



OH 


H 2 C 


I 

HjC,OOC—C 




C-COOC t H 5 




CH. 


O 

II 

H 9 C CHj 

H S C CH. 

II 

o 

1,4-cyclohexanedione. 


OH 

cnol form of diethyl succinylsuccinate 
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In this reaction diethyl succinylsuccinate is formed, from which the free acid is 
obtained on hydrolysis; on heating, the acid decomposes into two molecules of carbon 
dioxide and one of cyclohexan-i,4-dione. The latter can be converted into cyclo¬ 
hexane by reduction; this confirms the cyclic structure of the diketone. 

For a tautomeric conversion of a cyclohexane derivative into a benzene derivative 
see section 215. 

Cyclohexane is prepared by the catalytic hydrogenation of benzene (214) 
Like cyclopentane it behaves like a saturated hydrocarbon. It forms substi¬ 
tution products e.g. mono-chlorocyclohexane by the action of chlorine. From 
this it appears that the cyclohexane ring is not easily opened. 

Cycloheptane C 7 H 14 is prepared by the general method from calcium 
suberate (hexane 1,6-dicarboxylate), which is converted via the cyclic 
ketone and alcohol into cyclohcptyl bromide, from which the hydrocarbon 
is produced by reduction. 

In order to prepare the higher ketones with 10 or more carbon atoms in 
the ring, use is made of the thorium salts of the appropriate dibasic acids, 
e.g. HOOC(CH 2 ) n COOH (for the preparation of these acids see 123). Ruzicka 
has employed this method to make all the cyclanones containing from ten 
to thirty carbon atoms in the ring (see 293). 

It is a remarkable fact that these compounds are very stable. For example, 

when cycloheptadecanone (ch,),, co is heated to 400° or when it is heated 

\CH,/ 

with hydrochloric acid, only a small amount of decomposition occurs. In 
a number of cases the corresponding cyclanes can be prepared by boiling 
the cyclic ketones with amalgamated zinc and hydrochloric acid (Clem- 
mensen’s method of reduction). The higher cyclanes are again very stable 
compounds; cyclopentadecane C 15 H 30 and cycloheptadecane C 17 H 34 are not 
decomposed by heating with hydriodic acid. 

I he relationship between the number of carbon atoms in the ring and the 
properties of the cyclanes 


288. \\ hen the properties of the cyclanes are compared, it is seen that the 

three-ring in cyclopropane readily passes into an open chain, the four-ring 

in cyclobutane does this less readily and the cyclopentane ring is opened 

only with difficulty. These phenomena are in complete agreement with the 

strain theory of Baeyer (82). According to the structural formula of 

cyclopropane the angles between the C—C bonds is 6o°. This molecular 

model is in accordance with the results of electron diffraction measure¬ 
ments on gaseous cyclopropane. 


The deviation from the direction of a tetrahedral bond arrangement 

I o 9 °28 / — 6o° 0 , b 

4 " 44 P er C—C bond for the three ring. The 


amounts to 


— ? 
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deviation for the four ring is 
I09°28' —108 0 


I09°2S' — 90 


— = 9 44' and for the five-ring 


= o°44\ if it is assumed that the carbon atoms of the 
a 

four- and five-rings lie in one plane. Thus the “strain” is greatest in the 
three-ring and there is practically no strain in the five-ring. 

When the structure of the cyclanes with more than five carbon atoms are 
represented by polygons in which the carbon atoms lie in one plane, the 
deviation for the C—C bond becomes negative ; for the six-ring this deviation 
, io9°28 / —120° 0 ,, . . 

becomes — - - = — 5 16 , for the seven-ring — 9 33' and for the 

'2t 

seventeen-ring —24°4i\ According to Baeyer’s strain theory it must be 
expected that cyclic molecules with a large number of carbon atoms in tlie 
ring should be “unstable” i.e. should be easily convertible into aliphatic com¬ 
pounds. This latter conclusion is not in accordance with observations. 
It is, however, possible to construct models for rings of carbon atoms in 
which the angles between the C—C 
bonds are I09°28 / , if it is assumed that 
the atoms no longer lie in one plane. 

Sachse had already put forward such 
“strain free” models for cyclohexane 
in 1890; this theory was elaborated 
still further by Mohr in 1918. Two 




Fig. 65. “Bed” and “chair” formulae 
for cyclohexane. 


strain-free models can be constructed for cyclohexane as shown in the 
“bed” (I) and “chair” (TI) formulae in Figure 65. 

Strain-free models in which the carbon atoms do not lie in one plane, 
can also be constructed for rings with more than six carbon atoms. The 
stability of the higher cyclanes is in accordance with this idea. 


The objection that two isomers ought to exist if a non-planar ring is assumed 
for cyclohexane, no longer holds if at the same time it is assumed that the two spatial 
configurations are readily convertible one into the other. This idea is supported by 
investigations on the stereochemical configuration of the cyclane-i,2-diols (Boeseken 

1921). 

For the preparation of cyclopentane-i,2-diol the starting material is cyclopcntanol, 
from which cyclopentenc is produced by the removal of a molecule of water and this 
compound is then converted into the diol by the action of dilute potassium perman¬ 
ganate solution: 


H, C 


CH 


H 2 C 


I 


H,C CHOH 

‘\c/ 

h 2 

cyclopentanol 


H.C 


CH 

+ 2OH 

CH 


\c/ 

h 2 

cyclopentenc 


H 2 C-;CHOH 

I I 

H„C 2 CHOH 

"\c/ 

H 2 

cyclopcntancdiol. 
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This diol, which melts at 30.5 0 , reacts with acetone in the presence of condensing 
agents; the formation of such isopropylidene derivatives is characteristic of dihydric 
alcohols in which the two hydroxyl groups occupy a favourable position, therefore 
the cis-con figuration is assigned to this cyclopentane- 1,2-diol. This is in agreement 
with the further observation that it increases the conductivity of boric acid solutions. 

The molecule of cyclopcntancdiol contains two identical asymmetric carbon atoms 
1 and 2 (compare 134). From the model it is apparent that the cis-form has a plane 
of symmetry and cannot therefore occur in mirror-image forms. The /rans-form, 
however, can occur in two mirror- image forms (see Fig. 66): 



Fig. 66. 6-rtHs-Cyclopentanediol, two 
mirror-image forms. 


A cyclopentane-1,2-diol melting at 54-55 0 , is produced by treating cyclopentene 
with [>crbcnzoic acid (260) and heating the resultant cyclopentene oxide with water: 


HjC 

:-cm 

H 2 C-CH 

H,C-C HOH 


ll + o — 

-> | [>o + h 2 o — 

-> I s l | 

II 3 ( 

; cn 

H,C CH 

H,C. -CHOH 


\ c / 

\c/ 

\c/ 


Ha H, H, 

cyclopentene cyclopentene oxide cyclopentane-i,2-diol. 


This diol is a mixture of optical antipodes. This is shown by the formation, by the 
action of menthyl isocyanate, of two different urethanes (152), in which the menthyl 
group (294) is asymmetric. Hence this diol has the h-rins-structure. As is to be expected 
it does not react with acetone, because the hydroxyl groups are situated in the trans- 
|H>sition and it docs not increase the conductivity of boric acid solutions. 

In a similar way two stereo iso meric 1,2-diols (cis- and /rans-forms) have been ob¬ 
tained from cyclolieptene. Both forms, however, react with acetone and increase the 
conducting power of l>oric acid. This result would be inexplicable if the cycloheptane 
ring had a Hat structure; in accordance with the idea of the strain-free model, this 
ring can take up different spatial configurations, in which those configurations in 
which the hydroxyl groups are situated in a favourable position, occur with sufficient 
frequency in both the cis- and trans-form's. to exert a positive influence on the con¬ 
ducting powers of l>oric acid and on the ability to react with acetone. 

Physical properties of the cyclones. The molecular heat of combustion is ap¬ 
proximately additive from cyclopentane onwards, i.c. the increase in the molecular 
heat of combustion from the five-ring to the six-ring and from the six-ring to the seven¬ 
ring, etc., is approximately the same. This is in agreement with the assumption that 
there is no strain in these rings. The heat of combustion of cyclopropane is greater than 



DERIVATIVES OF C VC LANES 


§ 288-289 


475 


the value agreeing with three times the value for the CH 2 -group, which indicates the 
existence of strain in this ring. The energy, which has been necessary to bind the CH 2 - 
groups in a three-ring is liberated on combustion and therefore the heat of combustion 
is greater than would be expected for three CH.-groups. 

The boiling points are higher than those of the corresponding isomeric alkenes 
(compare Table 50); the specific gravity of a cycloalkane is about 0.1 higher than that 
of the isomeric alkene. When the molecular refractions of the cyclanes are compared, 
as the number of carbon atoms in the ring increases, it is found that from cyclopcntane 
onwards the increase per cyclically combined CH 2 -group amounts to about 4.6. 'I bis 
is the same increment per CH 2 -group as is found in the alkane series (sec 23). 

Alteration in the ring-system. The cyclanes can undergo reactions in which both 
“expansion” and “contraction” of the ring may occur. By boiling with aluminium 
chloride and some hydrogen chloride cyclohexane may be converted into methyl- 
cyclopentane (Nenitzescu). This reaction is reversible: 


H. 
C' 


H,C 


H.,C 


CH 


CH 


HCl 

AICI3 


H.C 


CH, 


H 


cyclohexane 


h 2 c chch 3 
Hj 

methylcyclopentane, 


By the action of nitrous acid on 
as well as cyclobutanol: 


cyclobutylamine, cyclopropylcarbinol is produced 


H S C-CHNHj HNO, 

I I - > 

H 2 C-CH, 

cyclobutylamine 


H,C-CHOH 

I I 

H 2 C-CHj 

cyclobutanol 



H.C-CHCH.OH 

^C^ 

h 2 

cyclopropylcarbinol. 


When nitrous acid is allowed to react with cyclobutylmethylamine, cyclobutyl- 
carbmol and cyclopentanol are produced (Demjanow): 


H 2 C—CH 2 HNO, H.C—CH, 

I I -> I I + 

H,C-CHCH,NH, H,C-CHCH,OH 

(cyclobutylmethyl)amine cyclobntylcarbinol 


/CH 2 —CH. 

: I 

NCH-CHOH 

cyclopentanol. 


Some derivatives of the cyclanes 


289. Cyclopentane, methylcyclopentane, cyclohexane and methylcyclo- 
hexane occur in petroleum from the Caucasus and Galicia. In the technical 
literature these cyclanes are frequently called naphthenes. 


Derivatives of cyclopentayie. In Russian and Galician petroleum there are small 
quantities of naphthenic acids, which have been identified as cyclopentane derivatives: 


H 2 C 

h 2 c 


CHCHj 

CHCOOH 


H.C 

and 

H,CHC 


H. 


H.C 


naphthenic acids. 


CHCH.COOH 

CH, 

CH, 
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Chaulmoogric acid (m.p. 68 c ) which occurs in chaulmoogra-oil (from the seeds of 
Hydnocarpus species) and hydnocarpic acid are unsaturated acids in which a cyclopen - 
tene ring is present. Both acids arc used as drugs against leprosy: 


HC = CH 

| ^>CH(CH 2 ) ls COOH 
HjC-CH, 

chaulmoogric acid 


HC=CH 

| >ch(ch 2 ) 10 cooh 

H 2 C-CH t 

hydnocardic acid. 


The vegetable growth substance, auxin C, 8 H j0 O 4 , which promotes the swelling of 
the cellsin oat seedlings, is a biologically important cyclopentene derivative. Kogi. has 
isolated two auxins. Auxin-a occurs in oat seedlings and also in urine. The closely 
related auxin-b has so far been obtained only from maize-germ oil and malt. The 
quantities of auxins present in the sources mentioned, are extremely small. The 
structures of these substances have been established by Kogl: 


C H 3 ^/CH 
HjCCHjCHCH 

\h— 


ch 3 
^ I 

CHtHCHjCHj 

CCHOHCH.CHOHCHOHCOOH 


auxin-a 


ch s ^ch 

CH 3 CH s CHCH 

\h= 


ch 3 

'cHCHCHjCHj 

CCH OHCHjCOCH 2 COOH 
auxin-b. 


Auxin-a easily forms a lactone, which is converted into a physiologically inactive 
compound, "lumi-auxone”, under the influence of ultraviolet light. 

Cyclopentadiene, which is obtained from the forerunnings in the distillation of 
coal-tar, may be obtained synthetically by adding a molecule of bromine to cyclopentene 
and removing two molecules of hydrogen bromide from the resultant dibromide by 
heating with sodium acetate. The structure follows from this synthesis: 

HC — CH, BrHC — CH S HC=CH 

| /CH, —>• | /CHj —>- | /CH 2 

HC-CHj BrHC—CH, HC = CH 

cyclopentadiene. 

Cyclopentadiene, which boils at 47 0 , readily polymerises to dicyclopcntadienc 
C 10 H 12 ; this can be converted into the monomeric form by heating. The hydrogen 
atoms on the CH 2 -group in cyclopentadiene are very reactive; with aldehydes and 
ketones, e.g. benzaldehyde and benzophenone, condensation products are produced 
with the elimination of water; they are strongly coloured and are therefore called 
fulvenes (Thiele). 

The simplest compound of this group, fulvene, C 6 H 6 which is obtained from for¬ 
maldehyde and cyclopentadiene, is yellow in colour; it is very unstable. The phenyl- 
derivatives are red and are more stable: 


HC=CH 

| ^>C=CH 2 

HC=CH 

fulvene 


HC —CH H 

I '>c=c< 

HC=CH c b H 6 


phenylfulvene 


C # H 6 

>c=c< 

HC=CH c eH 6 

diphenylful vene. 
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Derivatives of cyclohexane. Cyclohexanol C 6 H u OH (b.p. 161.5°, m.p. 23.5 0 ) 
is prepared on a technical scale by the catalytic hydrogenation of phenol 
(229) and has the properties of a secondary alcohol. It is used as a solvent 
for cellulose esters and phenolic resins. 

Hexahydroxycyclohcxane or inositol, C e H 12 0 6 , which occurs in many plants, e.g. in 
leguminosac, and in animal organs such as the liver, heart muscle and brain, is a 
hcxahydric alcohol derivative of cyclohexane. Inositol has a sweet taste. It can be 
converted into a hexa-acetate, from which it follows that six hydroxyl groups are 
present. It can be obtained by the catalytic hydrogenation of hexahydroxybenzene, a 
reaction which proves the structure of this compound: 

HOH 

COH 

HOc/\cOH HOH f ^HOH 

HOCL IJCOH 3 HOHC C HOH 

COH 

HOH 

hexa hydroxy benzene inositol. 


290. Iononc C|,H m O is a synthetic perfume prepared by Tiemann and Kruger. 
By condensing citral (97) with acetone in a weakly alkaline medium, “pseudoionone” 
is produced. When this compound is treated with sulphuric acid, ring-closure occurs 
(probably via the product II) with the formation of a mixture of a- and $-ionone: 


H 3 C-:C — CH, 


H3C-5C —CH 3 


11C 


CHCHO 


1I 2 C 


CCH 


”2 

citral 


-f H3CCOCH3 
acetone 


Na t C O s 


HjC 


H 2 C 


H,C 


HC 


H 2 C 


CHCH=CHCOCH 3 


C — CH 


h 2 o 

->- 

sulphuric acid 


pseudo-iononc 

CH, 

C —OH 

CH,CH=CHCOCH, 
I /OH 

X CH, 


H 

a-iononc 


H, 

p-ionone . 


The structure of these compounds was established by examining the products 

o darned from them by oxidation with potassium permanganate. In a very dilute state 
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a- and ( 3 -ionone have the scent of violets; the mixture is used as a perfume. It is note¬ 
worthy that the ( 3 -iononc ring and the oc-ionone ring occur in the molecules of some of 
the carotenes (see 308). 

In the roots of the common iris (iris florentina) there occurs a small quantity of a 
compound, irotte, which smells like violets. Tiemann first isolated this substance and 
assigned to it the composition C 13 H 20 O. He put forward a structural formula which 
led to the synthesis of a- and (J-ionone just mentioned, substances which should differ 
from irone according to Tiemann only in the positions of the double bonds. Later on, 
Ruzicka found that irone from iris florentina is a ketone of the composition C 14 H 22 0 . 
Irone contains one more methyl group than the ionones. Ruzicka also found that 
there are two irones (a- and y- respectively) both of which are constituents of natural 
irone. The structure of a- and Y-irone bas been established by degradation react¬ 
ions and confirmed by synthesis.: 

H 3 C ch 3 

CHj-HC^ V CHCH=CHCOCH 3 
H,C C-CHj 

H 

a-ironc 

The different kinds of camphor and the terpenes, which occur in the 
vegetable kingdom in great variety, are also derivatives of cyclohexane. 
These compounds are discussed in section 294. 



Dien e-syn theses 

291. Derivatives of cyclohexane can be obtained by the general diene- 
synthesis method of Diels and Alder. 

Maleic anhydride (126) adds on very easily to hydrocarbons in which a 
conjugated system of double bonds is present, e.g. with butadiene (92) in 
benzene solution at ioo°, the reaction takes place as follows: 


HC 


1 

CH 


13 

HC 4 

^ch 2 

butadiene 


HC—C 


H z O 

/S II 

HCt 1 6 C H—C\ 


HC—C 




HCj sCH— QS' 

I! 


maleic anhydride tetrahydrophthalic anhydride. 


Carbon atoms 1 and 4 in butadiene react and a double bond is produced 
between carbon atoms 2 and 3 (Thiele's 1-4 addition 92). Carbon atoms 
5 and 6 in the tetrahydrophthalic anhydride are derived from the C = C 
bond of the maleic anhydride; the high reactivity of this particular bond 
is ascribed to the C =0 bonds with which it is conjugated. 
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The structure of the addition product follows from its catalytic hydro¬ 
genation in alkaline solution (sodium carbonate), to the sodium salt of 
hcxahydrophthalic acid, the anhydride ring being hydrolysed in the process. 
This same hcxahydrophthalic acid can also be obtained by hydrogenating 
phthalic acid. 

The Diels-Alder addition also takes place with other compounds besides 
maleic anhydride in which there is a C = 0 bond conjugated with a C=C 
bond (dienophylic component). Thus tetrahydrobenzaldehyde is produced 
from butadiene and propenal: 


^ CH « 

HC 

I 

HC 

^ch 2 

butadiene propenal tetrahydrobenzaldehyde [1]. 

1 he semicarbazone of I gives the semicarbazone of hexahydrobenzalde- 
hyde on catalytic reduction; this establishes the structure of I. 

From 1,4-naphthoquinone (II) and butadiene (III), a tetrahydroanthra- 
quinone (IV) is produced, which can be converted into anthraquinone by 
oxidation with chromic acid: 


o 




+ 


IIC 


H 


H,C 


H 

C 


O 




HC 


CH 


H 


HC 


C 

H. 


CH, 


O 





H S C^ 

CH 

I 

CH 

H S C^ 



III 


O H H 



I he diene synthesis can be carried out with various 1,4-dienes such as 
isoprene, cyclopentadiene, 1,3-cyclohexadiene, etc. Naturally, in the same 
way, various dienophylic components may be chosen. 


S pi runes 


292. In spirocyclic ring-systems there is present a tctravalent atom which forms 
pait of two rings lying in different planes. Compounds containing such a ring system 
are known as spiranes (spira = cracknel). An example is spiro-fa&heptane dicar- 
boxyhc acid (the figures [3.3] in square brackets, indicate that two groups of three 
atoms forming part of a ring, arc joined together through the atom common to both 
rings) or spiradicydobutane dicarboxylic acid : 
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4S1 


HOOC 


CH, 


CH, 


COOII 




H CH, CH, H 

W mm 

spiro-hcptano dicarboxylic acid. 


This molecule contains neither a centre nor a plane of symmetry, so that two 
mirror-image forms are possible (37). The dl- form can be resolved by means of the 
brucine salt, whereby the dextro-rotatory form of spiro-lieptanc dicarboxylic acid is 
isolated (Backer and Schurink). For a spirocyclic nitrogen compound see (332). 
The complex metal compounds of acetylacetone mentioned in 146 and the complex 
boron compound of salicylic acid mentioned in 263 also have a spirocyclic structure. 


Cyclic ketones with a large number of atoms i)i the ring 

293. Two compounds of this group occur in natural products. Ruzicka 
isolated from civet, (a secretory product of the civet cat) an unsaturated 
cyclic ketone C 17 H 30 O, civetone or cycloheptadecenone, having a musk-like 
odour. By the reduction of civetone, cycloheptadecanone is produced, which 
is also formed by heating the thorium salt of hexadecane 1,16-dicarboxylic 
acid, HOOC(CH 2 ) 16 COOH. Oxidation of civetone with a solution of potas¬ 
sium permanganate gives heptane 1,7-dicarboxylic acid, pentane 1,5-dicar- 
boxylic acid and hexane 1,6-dicarboxylic acid. From these facts the struc¬ 
ture of cycloheptadecenone follows: 


CH(CH 2 ) 7 


co 



HOOC(CH,),COOH HOOCfCH.JjCOOH HOO C(CH 2 ) 5 C OOH. 

Muscone, is the odiferous principle of animal musk: 


(CH,),, 


/H 

C-CH, 

^CO 

CH- 


muscone. 


Cyclic ketones with 10-12 carbon atoms in the ring have a camphoraceous 
odour, while those with 14-18 carbon atoms in the ring have an odour like 
musk. 
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(H) TERPENES AND CAMPHORS 

(a) Terpenes 

294. The terpenes form the most important constituents of essential oils ; 
they are volatile substances occurring in flowers, leaves and roots of many 
kinds of plants and in wood, e.g. in the resin sap of pine trees, in sandal wood 
and in camphor wood. Essential oils, which are recovered from the vegetable 
material by distillation with steam or by extraction with solvents, are always 
mixtures of various compounds; these are usually liquids but they may 
also be solid substances like camphor. 

Many terpenes are unsaturated in character and give crystalline addition 
compounds with hydrogen halides, bromine, nitrosyl chloride and nitrogen 
trioxide. Use is made of these addition compounds to separate the terpenes 
from their naturally occurring mixtures; in many cases the terpenes can 
be recovered in a pure state from these addition compounds. After these 
methods of isolation had been worked out by W. Tilden and O. Wallach, 
the structure of many of the compounds of this group were elucidated, e.g. 
by Baeyer, Goldschmidt, Perkin and Wagner. 

Many of the terpenes and camphors are of practical importance either as 
perfumes, pharmaceutical products or for industrial purposes. As a rule, 
some aliphatic compounds, which occur in essential oils, are also classified 
along with the terpenes. Examples of such compounds aregeraniolC 10 H 18 O, 
citronellal ( i 0 H, g O and citral C 10 H 16 O (see 97). Only terpenes having a 
cyclic structure will be discussed in this section. 

Monocyclic terpenes 

These are derivatives of menthane or hexahydrocymene C 10 H 20 . 

1 he nomenclature of these compounds is based on the num¬ 
bering of the carbon atoms given in the annexed formula. 

Menthane itself does not occur naturally but can be prepared by 
catalytic hydrogenation of cymenc, in which case cither the cis- 
fonn (b.p. 108.5 0 ) or the /n?>is-form (b.p. 161 0 ) is produced as the 
main product according to whether the reaction is carried out with 
colloidal platinum or nickel. 

295. 1 -Mcnt/ianc-j-ol or 1 -menthol C 10 H 19 OH, a monohydric alcohol, occurs 

m peppermint oils obtained from various kinds of mentha piperita. It melts 

at 4J° and boils at 216°; it is optically active, [a] D = — 49.4 0 , and has an 

odoin like peppermint. On oxidising menthol with chromic acid, a ketone, 

( io H isO. menthanone or menthane, is produced, hence menthol is a secondary 
alcohol. 


’CH S 


H 

C 


H.C« 1 aCHj 


H 3 C* 4 sCH 

C 

H 


sCH 

/\ 

H S C CH,. 

9 10 
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In the catalytic hydrogenation of thymol, r//-mcnthol, which can be 
resolved into its optical components, is produced along with other stereoiso- 
meric menthols. /-Menthol produced in this way is identical with /-menthol 
isolated from oil of peppermint. The structure of menthol and menthone 
follows from these reactions: 


CH, 


HC CH Ni 

I II 

HC COH 

^C^ 

I 

CH 

/\ 

h 3 c ch 3 


thymol 


ch 3 

1 

CH, 

I 

1 

CH 

1 

CH 

/ \ 

/ \ 

h 2 c ch 2 

_ h,c ch 2 

H,C C HO H 

h 2 c CO 

\ ^ 


CH 

1 

CH 

CH 

1 

1 

CM 

/\ 

/\ 

h 3 c ch 3 

h 3 c ch 3 

menthol 

menthone. 


The structure of thymol follows from its degradation into propene and m-cresol 
by heating with phosphorus pentoxide. 

According to the above formula, three asymmetric carbon atoms are present in 
the menthol molecule; hence eight stereoisomers are possible as four pairs of optical 
antipodes, all of which are known. 


Menthol has mild antiseptic properties and is used in medicine and as a 
component of pharmaceutical products. 

1 -Menthone (b.p. 204°, m.p. —7 0 , [a]o = —29.6°) occurs along with 
/-menthol in peppermint oil. 

A dihydric alcohol, C 10 H 18 (OH) 2 , terpin or menthane-i, 8 -diol (b.p. 258°) 
can be obtained by treating geraniol (95) with dilute sulphuric acid, when 
the addition of two molecules of water takes place with the production of 
terpin hydrate. By heating the latter, a molecule of water is eliminated and 
terpin is formed: 


ch 3 


ch 3 

ch 3 



1 

/ c—OH 

^C-OH 

: ch 

zH a O 

H a C CH, 

h 2 c ch 2 

| 

- > 

1 1 

h 2 c ch 2 oh 

> 1 1 

: CHjOH 


h 2 c ch. 

X CH 

II 

c 


X CH. 

CH 


| 

C—OH 

| 

C—OH 

/\ 


/\ 

/\ 

3 C CH 3 


h 3 c ch, 

h 3 c ch, 


geraniol 


terpin hydrate 


terpin. 
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lhe structure of tcrpin following from this method of formation, was confirmed 
by the production of mcnthanc by reducing terpin with hydriodic acid and by the 
following synthesis due to \Y. H. Perkin Jun. 

Pentane 1,3,5-tricarboxylic acid (II) was obtained via the compound I, from the 
sodium derivative of ethyl cyanoacetate (123) and 2-iodopropionic acid: 


CjHjOOC CH,- CH 2 COOCjHj 

2NCCHNaCOOC.H s + 2CH,ICH,COOC,H 5 —> 1 

NC CH,-CH,COOC,H 5 

/CHj-CH-COOH 

-f NCCH.COOCjH. + 2 NaI —HOOC-CH II 

\CH-CH,-COOH. 


II is produced from I by hydrolysis and elimination of carbon dioxide. 

When compound II is heated with acetic anhydride, water and carbon dioxide are 
split off with the production of cyclohexanone 4-carboxylic acid (III) in accordance 
with Blanc's rule: 


H, H, 

H. H. 


H 3 C N ^ yfC C\^ 

HOOC — CII iCO 

C —CH C —CH, 

4 V_e/ 

H-c/i ^C — 

H, H, 

3 OMgl ^ OMgl 

III 

IV. 


When the methyl ester of this acid is treated with an excess of methylmagnesium 
iodide, l>oth the ketone carlxmyl group and the ester group react to form the compound 
IV from which terpin (in the cB-form) is obtained after decomposition with dilute acid. 

According to Blanc's rule, dicarboxylic acids with four or five carbon atoms 
such as succinic acid, 1 IOOC(CI I 2 ) 2 COOH, or glutaric acid, HOOC(CH 2 ) 3 COOH, give 
internal anhydrides on heating with acetic anhydride; dicarboxylic acids with six or 
seven carlxm atoms, like adipic acid, HOOC(CH 2 ) 4 COOH or pimclic acid, HOOC(CH 2 ) 5 
COOII, give cyclic ketones having five or six atoms respectively in the ring, by this 
treatment. 


A />Yn/s-f<)rm of terpin is also known. Terpin does not itself occur in 
nature; it is prepared on a technical scale by the action of dilute acids on 
pinenc (298) and is used for several purposes including 
the preparation of terpineol. 

By removing water from c/s-terpin, along with 
other compounds there is formed an internal anhy¬ 
dride, C 10 H, 8 O. This compound, which is identical with 
cincol, melts at — T and boils at 174 0 . Cineol is a con¬ 
stituent of many essential oils and occurs in substant¬ 
ial quantities in eucalyptus oil and in wormseed oil 
{oleum citiae). On the basis of the method of format¬ 
ion mentioned above, the annexed formula, which has been confirmed by an 
examination of the oxidation products of cineol, has been assigned to the 
latter compound. 


CH, 



H 

cineol 
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According to this formula, cineol possesses an oxygen atom in an ether¬ 
like mode of combination; in agreement with this fact, the substance may 
be heated with sodium at the boiling point without decomposition. Cineol 
gives addition products with hydrogen halides which are oxonium salts; 
these may be used for its isolation and identification. 


296. Unsaturated derivatives of menthane. The hydrocarbons, the nienthenes 
are of little importance. 

Of the various isomeric unsaturated alcohols, ^.-terpineol C 10 H 1(S O, should 
be discussed. This compound occurs, for example, in cajcput oil and ncroli 
oil. Both optically active and inactive forms occur in essential oils. Dextro¬ 
rotatory terpineol melts at 38-40°, boils at 220° and has [a ]d = -{-95-9°. 

a-Terpineol has an odour reminiscent of that of lilac and is used as a 
perfume. It is produced along with isomeric alcohols by heating terpin with 
phosphoric acid whereby a molecule of water is eliminated; this method 
of preparation is used commercially. 

On treatment with dilute sulphuric acid, terpineol is converted into terpin 
hydrate. Hence the structure of terpineol must be closelj 7 related to that of 
terpin. Since terpineol is known in optically active forms, it follows that in 
its formation from terpin the hydroxyl group on carbon atom 1 must have 
reacted with a hydrogen atom on carbon atoms 2 or 6 with the elimination 
of water, for elimination of water between carbon atoms 8 and 4, 8 and 9 or 
8 and 10, would not produce an asymmetric carbon atom: 


7 C H 

I 


H,C 


terpin 


CH 


-° H 



.ch 2 _ 

. h 3 c 

ch 2 

1 

1 

1 

aCH, 

h 2 c 

V 

ch 2 

H 


"CH 

1 

C—OH 

/ \ 

—OH 


\ 

10CH3 

/ 

H a c 

\ 

CH 3 


terpineol. 


+ H a O 


tf/-Terpineol was prepared synthetically by W. H. Perkin Jun. in a similar 
way to terpin (see page 484). 

Ujisaturated ketones. d-Pulegone C 10 H 16 O occurs in various essential oils 
from species of the labiate family, including mentha pulegium ( pennyroyal ) 
and hedeoma pulegioides \ it boils at 222°, has [a]o = + 2i° and forms an 
oxime. When submitted to catalytic hydrogenation with platinum black at 
ordinary temperatures, rf-pulegone is converted into menthone, from which 
it follows that the oxygen in pulegone is attached to carbon atom 3. The 



A LI C V C L IC COMPOUNDS 


CH. 10 


486 -**-*'-' - ~ — - --- - 

double bond is situated between carbon atoms 4 and 8, since acetone is pro¬ 
duced both by oxidation and by heating with water. The for¬ 
mula is therefore as shown here. 


ch 3 


H 

C 


H.C 

I 

H.C 


CH 2 

CH, 


C 

/\ 

h 3 c ch 3 

pulogone 


297. Menthadienes and their derivatives. \ arious isomers 
of the hydrocarbons C 10 H 16 arc found as constituents of es¬ 
sential oils. Limonene occurs as the dextro-rotatory isomer, 

[a] D = 4- 126.8°, in caraway oil and as the laevo-rotatory 
isomer, [a] D = —122° in pine-needle oil ; the racemic mixture, 
which is also called dipentene, occurs in considerable quanti¬ 
ties in turpentine oil. 

All three isomers boil at 176°. Limonene has a smell like lemons; it gives 
a crystalline tetrabromide, melting at 105°, and is converted into menthane 
by catalytic hydrogenation, which indicates the structure of the carbon 
skeleton. 

The positions of the double bonds follow from the reactions described 
below. Limonene is produced by warming terpineol with potassium 
bisulphate when a molecule of water is split off. Limonene can also add on 
two molecules of hydrogen bromide with the formation of a dibromomen- 
thane, which is also produced from terpin by replacing the two hydroxyl 
groups in this alcohol by bromine: 


ch 3 

/C^OH 

HjC CH. 


H,C 


CH, 


H.C 


H,C 


CHj 

I 

C —Br 
C H 


CH, 2HBr H.C 


CH 2 


H.C 


CH 3 ch 3 

I I 

C^ ^c^ 

H 3 C X CH KHSOj H,c CH 


CH 


CH 

CH 

l 

CH 

1 

CH 

I 

C—OH 

C — Br 

1 

C 

C—OH 

/\ 

/\ 

/\ 

/\ 

H 3 C CHj 

H 3 C CHj 

H S C CH 3 

H 3 C CHj 

terpin 

clibromomcn thane 

limonene 

terpineol. 


The preparation of isoprene by thermal decomposition of limonene has 
already been mentioned in 93. 

Carvone, C 10 H u O, boils at 230°, the r/-form occurs in many essential oils 
and is the main constituent of caraway oil from the fruit of canon carvi ; the 
/- and r//-forms arc also found in essential oils. Carvone is a ketone, as 
appears, for example, from the formation of an oxime (carvoxime). This 
oxime is produced also when nitrosyl chloride is allowed to add on to limo¬ 
nene and hydrogen chloride is eliminated from the product: 
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H.C C=NOH 
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H.C CH, 
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By warming carvone with sulphuric or phosphoric acid, an isomeric com¬ 
pound, carvacrol, is formed; this is 2-hydroxycymene, which also occurs in 
essential oils. When carvacrol is heated with phosphorus pentoxide, propene 
is split off and o-cresol is produced; this establishes its structure. Apart 
from this method of proving the structure and that of carvoxime, the 
structure of carvone can be strictly proved by degradation of the mole¬ 
cule : 


7CH3 



h 3 c ch, 

9 10 

carvacrol 


CH 3 
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HjC CH 2 
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y\ 
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carvone. 


Bi cyclic ter penes 

298. Among the terpenes there are a number of hydrocarbons of the formula 
C i0 H 16 , in which it is possible to assume the presence of only one double 
bond, because these compounds can take up no more than two mono-valent 
atoms or groups of atoms in addition reactions. On catalytic hydrogenation, 
these compounds are converted into hydrocarbons having the composition 
C 10 H 18 , which are quite saturated in character. Since they contain two atoms 
of hydrogen less than the saturated cyclic hydrocarbon, menthane C 10 H 20 , 
a second closed chain of atoms must be present in the molecule. Four 
isomeric hydrocarbons C 10 H 18 are known, having the structures shown in 
the following formulae. There are important derivatives of each of these 
types: 
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carane 



pinane 


camphane. 



Thujane, a liquid boiling at 157 0 , does not occur in nature but is obtained by the 
catalytic hydrogenation of sabinene C 10 H 1# , which occurs in the essential oil from 
jumpens sabina. Sabinene is a liquid boiling at 160-165°. From an examination of the 
oxidation products it has been proved that sabinene has the structure given below. 
The cyclopropane ring in sabinene and other thujane derivatives can easily change 
into an open-chain. Sabinene can add on two molecules of hydrogen chloride to form 
1 ,.\-(hchloromenth:inc : 

CH, CH, 



CH 


/ \ carene. 

H S C CH, 
sabinene 

C (untie, a liquid boiling at 169 , does not occur naturally but some of its derivatives 
do. In the essential oil from pintis longifolia (Indian terpentine) there is present a 
hydrocarbon C I0 W ie , carene, a pleasant smelling liquid boiling at 170°. It may be 
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converted into carane by careful hydrogenation in presence of palladium black. The 
structure of carene is derived from the constitutions of its oxidation products. 


Pinane C 10 H 18 , which boils at 166 0 , does not itself occur in the vegetable 
kingdom but it can be readily obtained by catalytic reduction of pinene, 
Ci 0 H 16 . the most important hydrocarbon in this group of terpenes. 

Pinene occurs very widely distributed in the vegetable kingdom; most 
essential oils from conifers contain pinene and it is the main constituent 
of turpentine oils. 


Turpentine is a resinous exudate obtained from various species of pine; when 
turpentine is distilled in steam, turpentine oil. which may contain up to 90 % of 
pinene, is obtained. Rosin ( colophony) remains behind as a residue. Turpentine oil is 
used as a solvent and for the preparation of paints and lacquers. 


Two isomeric pineries are known, a-pinene and fi-pinene. 1 he mixture of 
pinenes in oil of turpentine consists mainly of a-pinene, b.p. 156°, [a]o = 
48.8°. Both the active and the inactive forms occur in nature. a-Pinene is 
slowly oxidised by atmospheric oxygen (autoxidation, compare 257) whereby 
a peroxide is formed initially, which subsequently breaks down into various 
other oxidation products. 

Pinene easily gives an addition product with nitrosyl chloride, C 10 H 16 NOC 1 , 
melting at 104°. Pinene can be regenerated by treating this addition product 
with aniline and in this way can be obtained in a purer state. 

The derivation of the structure of a-pinene cannot be discussed in its entir- 
ity in this book. The presence of a cyclobutane ring in the molecule follows 
from the formation of pinonic acid and norpinic acid, carboxylic acids of the 
cyclobutane series, on oxidation: 
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h 3 c ch, 

terpineol 



49 ° 


ALICYCLIC COMPOUNDS 


CH. 10 


CH 3 

oc. 


HO O C 


CH 


CHj-C-CHj 


H.C 


CH 


C^ 

H 

pinonic acid 


CH 3 COOH 

H S C—C-CH 

HOOC — C-CHj 

I 

H 

norpinic acid. 


By the action of benzenesulphonic acid in acetic solution, pinene takes 
up a molecule of water with the formation of terpineol, the four-ring being 
opened. This reaction is in accordance with the position of the double bond. 
By the action of dilute mineral acids on a-pinene, three molecules of water 
are taken up and terpin hydrate is produced. Terpin is prepared in this 
way from oil of turpentine. 

fi-Pinene has the double bond between carbon atoms i and 7. 


(b) Camphors 

299. In the camphane group, ordinary camphor C 10 H 16 O, is the most import¬ 
ant compound; this substance is obtained from the wood of the camphor 
tree (cinnamomum camphora, Japan) by distillation in steam. 

{/-Camphor has a characteristic smell, forms soft, colourless crystals, melting 
at 178.7 0 , boiling at 209°, but sublimes even at ordinary temperatures and 
has [oc]d = -(-44.2° in alcoholic solution. The laevo-rotatory form is found 
in some essential oils. 

The structure of camphor has been established as the result of extensive 
and difficult researches by a large number of investigators and only the 
main points can be mentioned here. Camphor contains a ketone group, as 
appears from the formation of an oxime and a semicarbazone and from the 
formation of a secondary alcohol, bortieol, when camphor is reduced with 
sodium and alcohol. 

hrom the molecular refraction of camphor, it appears that the molecule 
contains no double bonds; hence it follows from the formula, C 10 H 16 O, that the 
molecule must contain two ring systems. 

On treating camphor with amyl nitrite and sodium alcoholate, two hydro¬ 
gen atoms in the molecule are replaced by the group =NOH; this reaction 
is specific for compounds in which the group —CH a CO— occurs (146): 

I —CH, NaOH I-C = N O H 

C "Hu - > C„H m I 

I-co C s H n ONO |_<t 0 

isonitrosocamphor. 
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Hydrolysis of isonitrosocamphor produces camphorquinone, c 8 h I4 


co 


which on oxidation with hydrogen peroxide gives camphoric acid, c 8 h 14 


COOH 


which can also be obtained by oxidising camphor 
with boiling nitric acid. The structure of cam- ch 
phoric acid, as shown herewith, was deduced by 
Bredt, from the degradation products of this CH 
compound. It was confirmed by synthesis carried 
out by Komppa: 
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The latter compound can be converted into camphoric acid by replacing 
the alcoholic hydroxyl groups by bromine and removing the latter by 
reduction. 

According to the structural formula given above, camphoric acid contains 
two non-identical asymmetric carbon atoms; this is in agreement with the 
fact that four stereoisomeric, optically active camphoric acids are known, 
viz. d- and /-camphoric acid (m.p. 187°) and d- and /-isocamphoric acid 
(m.p. 177 0 ). Oxidation of (/-camphor with nitric acid produces (/-camphoric 
acid. The formula for camphor proposed by Bredt is in accordance with 
that of camphoric acid: 



camphane camphor 
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H numbering the carbon 

borneol skeleton. 


The position of the carbonyl group in camphor follows from the formation 
of carvacrol (297) on treatment with iodine; hydrogen is removed as hydro¬ 
gen iodide and isomerisation occurs; the hydroxyl group in carvacrol stands 
in the ortho position with respect to the methyl group. The structure of 
camphor has been confirmed by synthesis starting from camphoric acid. 

The camphor molecule contains two dissimilar asymmetric carbon atoms 
(1 and 4); from a consideration of models, however, it appears that only 
two mirror-image forms can exist, since the model of the molecule shows 
considerable strain for the other pair of mirror-image forms in the carbon 
chain 1-7-4. I n agreement with this conclusion only two optically active 
kinds of camphor (d- and /-camphor) are knenvn. 

Camphor is used on a large scale for the preparation of celluloid and 
certain explosives; it is also used for various purposes in medicine. 


Camphor is manufactured synthetically on a technical scale from turpentine oil. 
The pinenc present in this material is treated with hydrogen chloride when ad¬ 
dition occurs along with an intramolecular transformation, whereby the cyclobutane 
ring in pinenc is converted into the cyclopentane ring of camphane with the production 
of l>ornyl chloride: 



pinenc 


bornyl chloride. 


( amphor can be obtained from bornyl chloride in various ways, e.g. by preparing 
isoljorneol from the chloride and oxidising the product. 

Hoturol, </-Borneol or “ bortu'o-catnphor ” is the chief constituent of the essential 
oil from Dryob ihinops aromatica ; Mx>meol occurs in the oil obtained from Blumca 
balsantifcra; <//-borncol is also found in essential oils. 
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Borneol melts at 19S 0 , boils at 212 0 and has a camphoraccous smell. (/-Borneol gives 
rf-camphor on oxidation and /-borneol, /-camphor. It has already been mentioned that 
J-borneol is produced by reducing (/-camphor with sodium and alcohol; isobormol, 
m.p. 217°, is the main product obtained in the catalytic hydrogenation of camphor 
with platinum black. Isobomeoland borneol are cB/xins-isomers in which the hydroxyl 
group is situated cis- or trans- with respect to the carbon chain 1-7-T 

Camphane C 1O H 10 can be obtained by reducing bornyl chloride. Tliis hydrocarlxm 
melts at 154 0 , boils at 161 0 and is very volatile even at room temperatures. 1 he cam- 
phanc molecule is symmetrical as may be seen from the structural formula on page 
491; in accordance with this formula, camphane is optically inactive. It does not 
occur in the vegetable kingdom. 


(c) Poly terpenes 

300. Of this group, comprising a number of compounds of the composition 
(C 5 H 8 ) n (n > 2), caoutchouc or rubber is the most important. 1 his substance 
is obtained from the milky fluid from various tropical plants, especially 
from Hevea brasiliensis. The milky-looking liquid, latex, is coagulated by- 
adding acetic acid, and the coagulum is kneaded between warm rollers and 
finally rolled out into sheets. This material contains small amounts of 
by-products as well as the actual rubber. Pure rubber has been obtained 
by adding alcohol to the colloidal solution of crude rubber in benzene, 
whereby a precipitate is produced, which can be purified by dissolution in 
ether and reprecipitation. In this way a colourless, amorphous substance 
having the composition (C 5 H 8 ) n is produced. 

Rubber occurs in two modifications, a soft clastic and a hard non-elastic form. 
The latter is produced from the soft modification by cooling below o° or by keeping it 
for a long time at room temperatures. Consequently rubber loses its elasticity in time. 
When the hard form is warmed in water, it re-forms the soft modification. X-ray 
examination has shown that the soft form is amorphous and the hard form crystalline. 

J. R. Katz has found that soft rubber in the unstretched state is amorphous but in 
the stretched state the X-ray spectrum shows evidence of a crystalline substance. 
A study of the X-ray diagrams shows that the sub-microscopic crystallites in stretched 
rubber all lie with the same crystallographic axis parallel with the direction of exten¬ 
sion; thus stretched rubber shows a “fibre-like structure”. This crystalline orientation 

disappears on contraction. 

Vulcanisation of rubber. Caoutchouc or rubber as such is not useable for most 
technical purposes. Since it becomes tacky at 30°, it must be vulcanised (Goodyear) 
for the manufacture of pneumatic tyres and numerous other articles. For this purpose, 
sulphur (about 10 %) is added after the rubber has been made plastic by nulling on 
warm rollers; when this mixture is heated to 140° it loses its plasticity and is converted 
into vulcanised rubber, which is more elastic and more resistant to all lands of influences 
tlxan the original caoutchouc. Well vulcanised rubber can be stretched to ten times its 
original length without breaking and assumes its original form again on contraction. 
When the plastic mixture is heated for a longer time with still more sulphur (30 %), 

it is converted into ebonite. 
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301. Structure of rubber. On catalytic hydrogenation at ordinary tempera¬ 
tures in the presence of platinum and hexahydrotoluene as solvent, rubber 
takes up two atoms of hydrogen (based on the formula C G H 8 ) and is converted 
into a substance (C 5 H 10 ) n (Pummerer). It can add on iodine monochloride 
in solution in carbon disulphide, one molecule of IC 1 adding to each C 6 H 8 
group. From this it follows that rubber is an unsaturated compound in 
which there is one double bond per C 5 H 8 group. When rubber is treated with 
ozone, an ozonide having the approximate composition (C 6 H 8 0 3 ) n is pro¬ 
duced. Laevulic aldehyde (4-ketopentanal) and laevulic acid (148) are 
produced in a yield representing 90 % of the theoretical quantity, when the 
ozonide is decomposed with water (Harries, Pummerer). 

From this it follows that there is a chain with the following structure 
in the rubber molecule: 
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laevulic aldehyde or 4-ketopentanal. 


It will be noticed that the isoprene unit is repeated a number of times along 
the chain. 

It had long been known, that various hydrocarbons, including limonene 
(297) and isoprene (93), are produced in the pyrogenic decomposition of 
rubber (Bourchardat, Greville Williams). 

In all probability, caoutchouc or rubber does not consist of a single mole¬ 
cular species but is a mixture of closely related hydrocarbons (C 5 H 8 ) n . The 
mean molecular weight of this mixture of polymer homologues (cf. 103) 
is undoubtedly very high. Very divergent values are obtained by different 
methods of determination. It is not yet known with certainty whether the 
molecules (C 5 H 8 ) n consist of long open chains or cyclic chains containing 
a very large number of carbon atoms. 

It might be concluded that the presence of one double bond per C 5 H 8 
group points to a ring structure, for it should be found that rather more 
than one molecule of hydrogen or iodine monochloride per C 5 H 8 group 

adds on for an open chain with a large number of carbon atoms. However, the 

longer the carbon chain, the less is the difference from one molecule per 
C 6 H s group in the amount of hydrogen or iodine monochloride which will 
react, so that these experiments are not conclusive. 
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Guttapercha. The chief component of this material is a hydrocarbon (C 6 II S ). from 
which the same degradation products are obtained as from caoutchouc; it is assumed 
therefore that the molecule of guttapercha consists, like that of caoutchouc, of a chain 
of isoprene units. From X-ray examination it can be concluded that guttapercha and 
caoutchouc or rubber hydrocarbon are to be regarded as stereoisomers. In caoutchouc 
the —CHXI-I,— groups are situated in the os-position with respect to the double bond 
and in guttapercha they are in the /raws-position: 


H 3 C\ CH— 

/CH,\ /CH.\ C C / 

— H 2 C C C ' CM,/ \CH, 

H 3 C^ \h 

ris-structurc, caoutchouc or rubber 


H # C\ 

H 3 C\ /CH,\ C C ' CH.- 
— H,C C C CH./ \H 

•» 

/rrtiis-structuro, guttapercha. 

X-ray examination of the hydrocarbon from batata shows that it is closely related 
to that of guttapercha. In all probability the molecules differ in the lengths of the 
carbon chains. 


302. Synthetic rubbers. Although it is possible in various ways to obtain 
polymerides with high mean molecular weights from isoprene, so far it 
has not been possible to prepare a sjmthetic product agreeing entirely in 
properties with rubber. These polymers, when in the stretched state, do 
not show the characteristic fibre diagram shown by rubber when examined 
with X-rays. On vulcanisation they give products which are inferior to 
vulcanised rubber. 

Substitutes for rubber, i.e. synthetic rubbers, are prepared on a large 
scale by polymerising butadiene or dimethylbutadiene, or in some cases, 
by copolymerisation with styrene (103). Sometimes these materials are 
superior to rubber for particular purposes on account of their special proper¬ 
ties, such as resistance to petroleum distillates (see also 91 for neoprene). 


(Hi) STEROIDS 

(a) Sterols', bile acids 

303. The sterols, which are also known as sterins, form a group of compounds 
very widely distributed throughout the plant and animal kingdoms. They 
are unsaturated alcohols of rather high molecular weight, which may be 
compared with the polyterpenes as far as their elementary composition is 
concerned (ratio of carbon to hydrogen). 

Of the animal sterols or zoosterols, cholesterol or cholesterin C 27 H 46 0 is the 
most important compound; it forms a normal constituent of the cells of 
vertebrate animals. The brain and nerve fibres contain considerable quanti- 
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ties of cholesterol, which also occurs, partly in the form of esters, in other 
tissues and in blood. 

Cholesterol, so named by Chevreul from its occurrence in bile (70X4 = bile, 
GTsxp = fat), can be isolated from gall-stones or from the spinal cord of 
cattle. It forms colourless crystals, m.p. 148.5 0 , which are insoluble in water 
but soluble in a number of organic solvents like ether, benzene, chloroform 
and warm alcohol. It is optically active [a] D = — 31.i° (in ether). Thepalmit- 
ate and stearate esters of cholesterol form wool-fat or lanoline, which can be 
emulsified with water and therefore finds application in the manufacture 
of ointments and skin creams. 

Co prosterol (xoupo; = dung) C 27 H 48 0 occurs in the faeces of men and 
carnivorous animals; it melts at 102°, is insoluble in water but soluble in 
chloroform, ether, ethanol and benzene. It is optically active [<x]d = 23.5 0 
(in chloroform). 

The vegetable sterols or phytosterols are normal constituents of plant cells 
and occur in small quantities in vegetable oils; in this connection mention 
may be made of stigmasterol C 29 H 48 0 , which can be isolated from soyabean- 
oil and the sitosterols C 28 H 50 O, which are widely distributed throughout the 
vegetable kingdom. 

Ergosterol C 28 H. w O, occurs in fungi, e.g. in a number of yeasts, and was 
first isolated from ergot (Tanret). 

The bile-acids, which occur in the bile of vertebrate animals in the form 
of sodium salts of peptide-like compounds of taurine, H 2 NCH 2 CH 2 S 0 3 H, 
or glycine (195), are related chemically to cholesterol. 

Cholic acid C 24 H 40 O 5 , the most important bile-acid, is the chief constituent 
of the mixture of bile-acids from human or ox gall-bladders. It melts at- 
196-198° and is sparingly soluble in cold water but readily soluble in ether 
and ethanol. The alkali salts are readily soluble in water. Cholic acid is 
optically active [a] D = 31-5° (in alcohol). 

Other physiologically important substances like the D-group vitamins, 
tlie sex-hormones and a number of hormones in the suprarenal glands are 
related to cholesterol in chemical structure. These compounds are denoted 
by the general name steroids. 

1 he chemical structure of a number of these compounds has been eluci¬ 
dated, mainly during the period 1910-1935, by the researches chiefly of 
WlELAND, WlNDAUS, RUZICKA, ROSENHEIM, DlELS, JACOBS, REICHSTEIN 
and their collaborators. It would be impossible in a book of this size to give 
the complete proof of the structures of the most important members of this 
group Ri this connection, however, the most important experimental data, 
which have led to the structure of cholesterol and cholic acid, will be dis¬ 
cussed on the basis of the structural formulae given on page 497 
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304. Structure of cholesterol (see formula I). The cholesterol molecule 
contains an alcoholic hydroxyl group (as follows from the formation of 
esters with organic acids) and a >C=C< bond as is shown by the addition 
of one molecule of bromine or hydrogen chloride. Catalytic hydrogenation 
of cholesterol produces an alcohol C 27 H 48 0 , cholestanol (II), which is saturated 
in character. If this hydroxyl group in cholestanol is replaced by chlorine and 
the resultant compound treated with sodium and amyl alcohol, a hydro¬ 
carbon C 27 H 48 cholestane (III) is produced, which must have the same 
carbon skeleton as cholesterol from its method of preparation. This hydro¬ 
carbon is saturated in character but contains eight atoms of hydrogen less 
than an alkane with 27 carbon atoms (C 27 H 56 ). From this it follows that the 
cholestane molecule must contain four carbon rings, it being undecided for 
the moment whether these rings are condensed or not. On oxidising chole- 
stanyl acetate with chromic acid or nitric acid, there are produced amongst 
other things a ketone, which appears to be identical with 6-methylheptan- 
2-one, CH 3 COCH 2 CH 2 CH 2 CH(CH 3 ) 2 , and a compound C^H^O.,. 

together these two oxidation products contain 27 carbon atoms, i.e the 
same number as cholestanol. Cholestanol (and also cholesterol) must there¬ 
fore possess a side-chain of eight carbon atoms, from which 6-methylheptan- 
2-one can be produced by oxidation i.e. the 20-27 chain in formula I. The 
compound C contains a ketonic group (formation of a semicarbazone) 

and a hydroxyl group (formation of an acetate). The hydrocarbon from 
which this hydroxyketone will be derived, must therefore have the compo¬ 
sition C 19 H 32 , i.e. it must contain four rings. 

On heating cholesterol with selenium to 320°, decomposition occurs with 
the formation of water, hydrogen selenide and a mixture of hydrocarbons. 
From this reaction mixture a hydrocarbon C 18 H 16 can be isolated in small 
yield, the structure of which has been established synthetically as ly-methyU 
cyclopentanophenanthrene (VI) containing four condensed rings (211). Many 
compounds containing cyclohexane rings in their molecules react on heating 
with selenium in such a way that the cyclohexane rings are converted into 
aromatic rings; the selenium has a “dehydrogenating” action since it 
extracts hydrogen from the molecule and forms therewith hydrogen selenide. 
Cyclopentane rings on the other hand are not dehydrogenated by selenium! 
Further, it appears that on dehydrogenation with selenium, quaternarily 
combined methyl groups are split off probably as methane; in the cholesterol 
molecule these are the methyl groups 18 and 19. It is clear that rings A and 
B in cholesterol can be converted into aromatic rings only if the methyl 
groups attached to carbon atoms 10 and 13 are split off. 

This same methylcyclopentanophenanthrene is also produced in the 
dehydrogenation of cholic acid (IV) by selenium. Before these researches 
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had been carried out, the structure of the tetracyclic ring-system had in the 
main been deduced from an examination of the compounds produced in 
the oxidative degradation of cholesterol and the bile acids. 

From the following it appears that the hydroxyl group in cholesterol is 
attached to a carbon atom situated in a ring. By oxidising cholestanol with 
chromic acid, cholestanone C 27 H 46 0 is produced, which has the properties 
of a ketone. When cholestanone is oxidised more vigorously, a dicarboxylic 
acid C 25 H 44 (COOH) 2 is produced; since this contains the same number of 
carbon atoms as cholestanone, the carbonyl group in the latter compound 
must be incorporated in a ring (cf. the oxidation of cyclohexanone 287) and 
the same argument holds for the CHOH group in cholesterol. 

On heating with acetic anhydride the dicarboxylic acid C 25 H 44 (COOH) 2 
gives a cyclic ketone C 25 H 44 CO. From Blanc’s rule (295) it is concluded that 
the carboxyl groups in the dicarboxylic acid are separated by a chain of 
four carbon atoms, so that the ring containing the hydroxyl group in choles¬ 
terol must be a six-ring. 

From a comparative examination of the oxidation products of cholesterol 
and its derivatives, it is concluded that the hydroxyl group must be situated 
on carbon atom 3 and the double bond between carbon atoms 5 and 6. 
The positions of the methyl groups on carbon atoms 10 and 13 follows from 

a comparative examination of the degradation products of cholesterol and 
various bile-acids. 

Structure of coprosterol, cholic acid and cholanic acid. Coprosterol C 27 H 4s O 
(II) shows the properties of a saturated secondary alcohol; the CHOH group 
forms part of a ring as is proved in the same way as for cholestanol. When 
the hydroxyl group in coprosterol is replaced by chlorine and the chloride 
so obtained is reduced, a hydrocarbon C 27 H 48 is produced, which is very 
similar to cholestane but has a lower melting point. Cholestane and copro- 
stane (III) are stereoisomers; this is a case of c/s-/raMs-isomerism, since the 
hydrogen atom on carbon atom 5 can be situated in the cis- or /raws-position 
with respect to the methyl group on carbon atom 10 (compare cis- and trans¬ 
forms of decahydronaphthalene on page 456). 

Cholic acid C 24 H 40 O 6 (IV) is a trihydroxy-mono-carboxylic acid, the esters 
of which can be converted into triacetyl derivatives. By careful oxidation 
of cholic acid there is produced a triketonic acid as is shown by reaction 
with hydroxylamine. Hence cholic acid contains three CHOH groups. By 
heating cholic acid in a vacuum, three molecules of water can be split off 
with the formation of a carboxylic acid with three double bonds, cholatriene 
carboxylic acid C 24 H 34 0 2 . This acid is converted by catalytic hydrogenation 
into a saturated carboxylic acid cholanic acid C 24 H 40 O 2 (V). Among the 
products which are obtained when cholesterol and its derivatives are oxidised 
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with chromic acid, is acetone; this compound is not found among the oxida¬ 
tion products of either cholic acid or cholanic acid. It is obvious therefore 
that the extra three carbon atoms, which are present in cholesterol but not 


in cholic acid, must occur in the former as the group —hc 


ch 3 

ch 3 


It is in fact 


possible to carry out the oxidation of cholestane in such a way that acetone 
is split off with the production of an acid having the composition C 24 H 40 O 2 ; 
this acid is not, however, identical with cholanic acid. In the oxidation of 
coprostane, however, along with acetone there is produced an acid C 24 H 40 O 2 
which is identical with cholanic acid. From this it follows that the same 


ring-skeleton exists in both cholanic and cholic acids as in coprostane and 
hence also in cholesterol; this observation confirms the conclusion drawn 
from dehydrogenation with selenium. The structure of the side chain in 
cholanic acid is deduced from an examination of the products produced by 
step-wise oxidation; from these investigations it follows that the side chain 
in cholanic acid, and therefore in cholesterol also, is attached to the carbon 
atom in a five-ring and that this must be carbon atom 17. 


(b) Vitamins of group D 

305. Vitamins of group D occur in the unsaponifiable portion of cod liver-oil 
as appears from feeding experiments on rats. Deficiency of the D-v itamins 
causes rachitis. Before vitamin- 1 ) had been isolated in a pure state, another 
strongly antirachitically active substance was isolated from the products 
obtained by irradiating ergosterol with ultra-violet light (Bourdillon; 
Windaus 1932). This substance, calciferol C 28 H 44 0 or vitamin-L ) 2 , m.p. 116 0 , 
[«)d = 82.6° (in acetone), is isomeric with ergosterol. 


The structure of ergosterol is: 
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1 he ring system is the same as that of cholesterol (304) as i s shown by the composition 
of the products obtained on oxidative degradation. Amongst these products 2,3- 
dimcthylbutanal CH,CH CHCHO is found, which determines the position of the double 

CH.CH, 
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bond and of the methyl group on carbon atom 24 in the side-chain. From the form 
of the absorption curve of crgostcrol in the ultraviolet and from the formation of 
an addition compound with maleic anhydride (see 291) it follows that the double 
bonds in ring 13 are conjugated. 

The structure of calciferol (vitamin-A> 2 ) was established by Windaus and Hi ii.bron 
and their co-workers (1935). In this compound ring B is opened. This follows from 
the fact that the dihydro-vitamin, in which the side-chain is saturated, gives an 
addition product with maleic anhydride from which naphthalene is obtained by 
heating with palladium; dehydrogenation takes place as well as fission of that part of 
the molecule containing rings C and D, while at the same time, the hydroxyl group 
in ring A is replaced by hydrogen. In the oxidation of calciferol, formaldehyde is pro¬ 
duced from the =CH 2 -group and an unsaturated aldehyde C 21 II ;u O. derived from the 
part of the molecule containing rings C and D with the side chain: 


H,C 

'I 

HOHC 


H 3 

H- C H 

— C 9 H * 7 

H,C C CH 2 

C I D | 

/C-CH 2 

C C H 


„ H., 

Hj c - 

C^, H 2 C 
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CH 


H 


~C 

H 

calciferol 


Vitamin- D 3 was isolated from the liver-oils of the sole and halibut 
(Brockmann) ; it has a powerful antirachitic action. It has the same side- 
chain as cholesterol and can be obtained from 7 -dehydrocholesterol C 27 H 44 0 , 
by irradiation with ultra-violet light. It is assumed that this brings about 
the opening of ring B so that the difference between vitamin-Z) 3 and calcif¬ 
erol consists in the composition and structure of the side-chain. 


(c) Sex hormones 

The sex-hormones are discussed in this section because these compounds 
have the ring system of the sterols. 

Male sex-hormones. Very small quantities of hormones occur in the testicles 
of mammals, which control the development of the male sex organs and 
secondary sexual characteristics. 

Androsterone C 19 H 30 O 2 occurs in extremely small quantities (about 1 mg. 
per litre) in men’s urine; it was isolated in a crystalline state in 1931 by 

Butenandt. 

The method of isolation and purification of androsterone from urine is controlled 
by tests on animals, e.g. the so called cock's comb test. In young castrated cocks the 
comb does not develop; when androsterone is administered to the animal the comb 
grows. A method based on this fact is used for determining the androsterone content 
of preparations containing this compound. 
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Androsterone C^H^Og (m.p. 178° and [<x]d = +93°) has the properties 
of a saturated hydroxyketone (I). This hormone is also obtained by oxidising 
the acetate of epicholestanol, a stereoisomer of cholestanol (p. 498), with 
chromic acid, whereby the side chain is split off during the oxidation 
(Ruzicka) : 


h 3 o 

C I! 



androsterone 


0 = 


h 3 oh 



II 

testosterone, 


The most potent male sex-hormone, testosterone, was isolated from 

mammalian testicles in 1935 by Laqueur and Dingemanse; they obtained 

10 mg. of this hormone in the crystalline state from 100 kg. of testicular 
tissue. 

lestosterone C, 9 H 28 0 2 melts at 154 ° and is optically active [a]o = 109°; 
it may be prepared by a series of reactions from cholesterol. 

Oestrone and androsterone occur also in the vegetable kingdom; oestrone 
has been isolated in the crystalline state from palm kernels. 

female sex-hormones. The ovaries eject substances which regulate the 
female sexual functions, namely, follicular hormones and the hormone from 
the corpus luteum, progesterone. 

1 he follicular hormones include the ct-follicle hormone or oestrone C 18 H 2O 0 2 , 

(m.p. 259°, [ a ] D = + 158°; Doisy, Butenandt 1930), oestriol or ol- follicle 
hormone hydrate C 18 H 21 0 3 (m.p. 280°. [a] D = + 30°; Marrian 1930) and 
oestradiol C 18 H 24 0 2 (m.p. 175 0 ): 


H, O 

C I 
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OH 


HO 



Oestrone which occurs in the urine of pregnant women, is isolated from 

the urine of foaling mares. Administration of oestrone to female mammals 

produces oestrus. It is a remarkable fact that oestrone occurs also in the 
testis and in the urine of stallions. 

Oestriol occurs in the urine of pregnant women; oestradiol occurs along 
with other follicular hormones in the urine of pregnant mares. 
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Oestriol splits off a molecule of water when heated with potassium bisulphite and 
is converted into oestronc. From this it follows that the two hormones have the same 
carbon skeleton. 

The urine of pregnant marcs also contains cquilm C I8 H 20 O, and equilenin C 18 1 I I8 0 2 . 
When equilin is heated with palladium, dehydrogenation takes place with the pro¬ 
duction of equilenin, which contains two aromatic rings. Bachmann and his collab¬ 
orators have prepared equilenin synthetically starting from 1 -iodo-6-melhoxy- 
naphthalene from which the ring system of tetrahydroeyclopentanophcnanthrene is 
elaborated. rf-Equilcnin was isolated from the synthetic racemate and appeared to be 
identical with the natural product even as regards physiological action. 



CH 


O 




HO 



equilin equilenin 

Oestrone also has been prepared synthetically (Mikscher 19.48) 


O 


The hormone from the corpus luteum, a -progesterone C 21 H 30 O 2 , which can 
be isolated from the ovaries of pigs, occurs in two modifications melting at 
122 0 and 128°, repectively (dimorphism). It is an unsaturated diketone. 

This compound can be prepared by the partial oxidation of stigmasterol 
( 303 ): 




corticosterone. 


Corticosterone, one of the active hormones from the suprarenal gland is used in 
medicine in the treatment of Addison's disease. The structureof thissubstance has been 
determined in the main by researches carried out by Reichstein. 


(tv) VITAMINS AND HORMONES 

306. Since the researches of C. Eykman and G. Grijns (round about 1900) 
it has been known that a complete diet must contain not only fats, carbohyd¬ 
rates, proteins and mineral constituents but also small quantities of 
certain organic substances which occur in extremely small quantities in 
many natural products used for food. At first these compounds could not 
be isolated in a pure state, so that they could be recognised only by means 
of their physiological activity by feeding experiments on animals (Me. 
Collum, Osborne and Mendel, Hopkins, Evans, etc.). Funk was of the 
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opinion that these substances contained nitrogen and therefore suggested 
the name vitamins (1912). This name has been maintained although it now 
appears that there are compounds belonging to the group of vitamins which 
arc composed of carbon, hydrogen and oxygen only. 

After B. C. P. Jansen and E. Donath had isolated vitamin-B 1 or aneurin 
in a pure, crystalline state from rice husks in 1928, the structure of most 
of the vitamins so far known has been determined by the work of a number 
of investigators, including Windaus, Williams, Kuhn, Heilbron and 
Karrer, and a number of these substances have been prepared synthetically. 

The vitamins are organic compounds which cannot be built up in the 
human body, but which are taken up in the food in such small quantities 
that they cannot be used for providing energy or for building up the material 
of the cells, yet are essential for the maintainance and normal functioning 
of the body. The vitamins may be considered as organic catalysts regulating 
the metabolic processes; in their activity they are comparable with the 
enzymes. \ itamins are formed in both higher and lower plants (moulds, 
bacteria). 


Before the chemical composition of the vitamins had been established, 
these substances were designated by the letters A, B, C, D, etc., and as 
research progressed further sub-divisions were made, e.g. B lt B 2 , etc. The 
various \ itamins are discussed as far as possible in the groups to which they 
belong by reason of their chemical structure. This section deals with the 
occurrence and classification of the vitamins. 


Two main groups are differentiated, viz. 1, water soluble vitamins, to 
which belong vitamins of group B and vitamin-C, and 2, vitamins, which 
are soluble in fatty oils and to which belong vitamin-/!, vitamins of group 
D (305), vitamin-E (327) and vitamins of group K (281). 

\ itamin -Bj aneurin or thiamin (345) occurs for example in rice-bran, yeast, 

wheat (especially in the wheat-germ) and in liver; this vitamin protects the 
organism against beri-beri. 


1 itamin B 2 , lactoflavin or riboflavin (see 350) occurs in milk-whey, white 
of egg, yeast, liver, wheat-germs and green vegetables. This vitamin protects 
the body against pellagra and assists growth. In the above-mentioned 
materials, along with vitamin-E 2 there occur other vitamins whose physio¬ 
logical activity is comparable with that of -B 2 , so that these vitamins are 
usually grouped together with -B 2 and referred to as the E-complex. It is 
known with certainty that this complex includes nicotinic acid and its 
amide (335) and vitamin-E 6 , pyridoxin or adermin (336). Nicotinic acid has 
been known since 1879 but it was only in 1937 that this substance was found 
to have the action of a vitamin (Elvehjem). 
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Pantothenic acid C 0 IT I7 O 6 N, is included in the vitamin- Ii "roup; it is soluble in 
water and assists growth in men and higher animals and is widely distributed in 
nature. It was discovered by R. J. Williams, who also established its structure. This 
compound is a derivative of 2-aminopropionic acid (p-alanin) (195). The latter is 
allowed to react with the lactone of <x'{-dihydroxy-^-dinuthytUutyric acid to produce 
pantothenic acid: 

HOOCCH 2 CH 2 NH s + OCCHOHC(CH 3 ) 2 CH 2 — HOOCCH a CH 2 NHCOCHOHC(Cli 3 ),CHgOH. 

1 -0-! 


pantothenic acid 


Vitanun-P^, which occurs in exceptionally small q 
tects the body against pernicious anaemia, is a red 
isolated in 1949. 


uantities in the liver and pro- 
, crystalline, cobalt compound 


Vitamin-C or ascorbic acid (170) was obtained in the crystalline state in 
1932 by Szent Gvorgvt; it occurs in fresh vegetables, lemons and other 
citrus fruits, Hungarian paprika and in potatoes. Vitamin-C deficiency 
causes scurvy. 

Vitamin- A or axerophtol (309) occurs in some fish livers and hence also 
in liver oils of which it forms part of the unsaponifiable fraction; also in 
e £g y°lk and in butter but not in vegetable oils and fats. It assists growth 
and protects the body against xerophthalmia (desiccation of the cornea). 

Ihe vitamins of group D have been discussed in section (305). 

Vitamin- E or a-tocopherol (“birth-producing”) occurs in wheat-germ, 
maize, oats, cotton-seed and the oil produced from it and also in some green 
vegetables. Deficiency of vitamin-£ causes sterility in experimental animals 
(for its composition and structure see 327). 

Vitamin- K 2 or a -phylloquinone (281) occurs in green vegetables, e.g. 
spinach and stinging nettles. It has an antihaemorrhagic action, i.e. prevents 
bleeding. 

307. Hormones. These substances are organic compounds secreted into 
the blood stream by internal glands. Hormones regulate and bring about 
certain functions in the body. The sex-hormones and also corticosterone 
have been discussed in a previous section (305). 

Insulin, a hormone secreted by the pancreas, regulates the metabolism 
of carbohydrates in the human body. It is a protein; it is not yet known 
which groups in the molecule are responsible for the physiological action. 
Adrenalin, a hormone which occurs in the suprarenal gland has already been 
discussed in 239. 

(l') CAROTENOIDS 

308. To this group belong two yellow plant pigments carotene and the iso¬ 
meric lycopene ; both are higly unsaturated hydrocarbons of the composition 

C T-T 
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A number of other plant pigments containing oxygen are related to these 
hydrocarbons. This group of pigments is known as the carotenoids after 
carotene, which was first isolated from the carrot (daucus carota). Since 
these colouring matters are soluble in fats and occur in both animal and 
vegetable oils, they are also known as lipochromes. These compounds have 
been examined by many investigators including Willstatter, Zech- 
meister, Kuhn and especially by Karrer and his collaborators. About 
seventy carotinoids are at present known, the majority occurring in the 
vegetable kingdom and a small number in animals. The chemical constitution 
of thirty five of these compounds has been completely or partially elucidated. 

Lycopene, C 40 H 56 , the red colouring matter in tomatoes ( lycopersicum 
escidentum) occurs also, for example, in rose hips and water melons. It 
crystallises in brownish violet needles melting at 175° an( l optically 
inactive. On catalytic hydrogenation it takes up thirteen molecules of 
hydrogen and is converted into a compound C 40 H 82 ; hence the molecule of 
lycopene is aliphatic in structure and possesses thirteen >C=C< double 
bonds. On oxidation with ozone, almost two molecules of acetone are 
found for each molecule of lycopene. On oxidation with chromic acid, 
six molecules of acetic acid and under other conditions methylheptenone 
(CH 3 ) 2 C = CH(CH 2 ) 2 COCH 3 , are formed, while succinic acid is produced 
along with acetic acid when the oxidation is carried out with potassium 
permanganate. On the basis of these oxidation products lycopene has been 
assigned structure I given on the next page (P. Karrer). 

The carbon chain contains eight isoprene units (denoted by dotted lines) 
arranged in such a way that two symmetrical halves can be distinguished in 
the lycopene molecule. As far as chemical constitution is concerned, all 
the other carotinoids may be regarded as being derived from lycopene. 

The carotenes are very w’idely distributed in the vegetable kingdom along 
with chlorophyll (321) and xanthophyll, in leaves, in many flowers and in 
fruits. It occurs also in the animal kingdom in fat, milk and blood serum. 

Three isomeric carotenes C 40 H 56 , known respectively as a-, ( 3 - and y-caro- 
tenc, are known. The colouring matter in some plants consists of all these three 
isomers. They are readily soluble in benzene, chloroform and carbon disul¬ 
phide but very sparingly soluble in alcohol. 


For separating the isomeric carotene and other carotenoids use is made of the 
method of chromatographic adsorption , which was discovered by Tswett and improved 
by Zechmeister and others. A solution containing a mixture of colouring matters is 
allowed to How slowly and uniformly through a column of a suitable absorbent, such as 
alumina, calcium carbonate, calcium hydroxide, magnesium oxide, calcium sulphate or 
various clays. 1 he different colouring matters are adsorbed in different parts of the 
column so that separate coloured rings or bands are formed lying one below the other. At 
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formula I. lycopene 
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formula III. a-carotene 
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formula IV. y-carotene 
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formula V. crocetin 
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the end of the experiment, the various coloured portions of the adsorption column are 
separated and the adsorbed colouring matter in each section is dissolved in an appro¬ 
priate solvent. A carotene preparation from carrots is dissolved in a mixture of benzene 
and light petroleum and the solution is then allowed to flow through a column of 
active clay. y-Carotene is adsorbed most firmly and a band of this material separates 
at the top of the column; , 3 - and a-carotene separate lower down the column. The 
starting material contains about 85 % of P-carotene, 15 % of a-carotene and only 
0.1 % of y-carotene, all of which can be isolated in this way. The chromatographic 
adsorption method has also been employed for isolating chlorophyll (321), porphyrins 
(320) and vitamins (306). When dealing with colourless compounds, in some cases where 
the compounds show a visible fluorescent colour, the adsorption bands can be made 
visible by irradiation with ultraviolet light. 

p -Carotene C. 10 H 56 , crystallises in dark red leaflets, melts at 184° and is 
optically inactive. On catalytic reduction (with platinum black) it takes 
up eleven molecules of hydrogen (Zechmeister) ; hence it contains eleven 
>C=C< double bonds. On oxidation of p-carotene with potassium perman¬ 
ganate, four molecules of acetic acid, 1,1-dimethylglutaric acid, 1,1-di- 
methylsuccinic acid and dimethylmalonic acid are produced. Geronic acid is 
produced on oxidation with ozone; on the basis of these results structure II 
shown on page 507 is assigned to p-carotene. 

According to this structure, p-carotene contains the carbon skeleton of 
p-ionone (290) twice, joined by a chain of twelve carbon atoms carrying 
two methyl groups as side-chains. The eleven double bonds are all conjugated. 
I here are no asymmetric carbon atoms in this formula, which is in agreement 
with the optical inactivity of 6-carotene. 

a -Carotene crystallises in dark red needles, melts at 187° and is optically 
active [a]n> = +380°. It occurs along with p-carotene in vegetable material, 
e.g. in palm-oil. The structure of a-carotene differs from that of p-carotene 
in the positions of the double bonds. At one end of the carbon chain in 
a-carotene the p-ionone grouping can be recognised and, at the other end, 
that of a-ionone. This structure follows from the fact that isogeronic acid as 
well as geronic acid is found amongst the oxidation products of a-carotene. 
I he a-carotene molecule contains an asymmetrical carbon atom, viz. 
number 6' in the a-ionone ring (see formula III p. 507). 

y -Carotene crystallises in reddish violet needles, melts at 178° and is op¬ 
tically inactive. Only one cyclic group, namely that of p-ionone, occurs in 
the molecule of y-carotenc (see formula IV, p. 507). 

1 he carotenes and lycopene are oxidised by atmospheric oxygen (autoxid- 
ation); this property is connected with the high degree of unsaturation of 
these compounds. The carotenoids contain a large number of conjugated 
double bonds in the molecule and may be regarded as being polyenes. 
The colour of these substances, like the intense red of lycopene and the 
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orange red colour of the carotenes, is connected with this conjugation of a 
large number of double bonds. Carotenes, lycopene and the other carotenoids 
give intense blue colours with concentrated sulphuric acid, with trichloro¬ 
acetic acid or with arsenic or antimony trichlorides. 


Xanthopyll C 40 H 50 O 2 occurs very widely distributed in the vegetable kingdom; 
the chloroplasts in leaves contain not only chlorophyll but also xanthophyM and 
3 -carotcnc. It is soluble in wet methanol and can be separated in this way from 

3 -carotene. Xanthophyll is a dihydroxy-derivative of a-carotcne, the hydroxyl groups 
being in the carl>on rings. 

Zcaxanthin (more rationally this should be called zeaxanthol) C 40 II 50 O 2 , which 
occurs in maize grains and, as an ester, in other fruits and flowers, is a dihydroxy- 
derivative of 3-carotene. 

Astacin C 40 H 48 O 4 (more rationally astacone) is a red colouring matter which can 
be isolated from the shells of crayfish ( astacus) and other Crustacea. It is ^ 3' 4 '. 
tetrakcto- 3 -carotene; the grouping —CH 2 —CO—CO—C(CH 3 ) = occurs in both rings. 

trocm, the colouring matter of saffron, is the ester of crocctin, C 20 H. M O 4 . with two 
molecules of gentiobiose (177). On alkaline hydrolysis it gives crocctin, which was 
first isolated from crocus flowers. It is a dicarboxylic acid; it forms a dimethyl ester 
when treated with diazomethane. On catalytic reduction this ester takes up seven 
molecules of hydrogen; hence crocctin contains seven >C=C< l>onds. The structure 
V given on page 507 is deduced from the products obtained when crocetin is oxidised. 


309. Vitamin -A or axerophtol, C 20 H 30 O, may be isolated from the liver oil 
of Stereolepsis islnnagi and obtained in a pure crystalline state by recrystal¬ 
lisation from organic solvents at low temperatures; it melts at 64° (Baxter 
and Robeson 1942). According to these investigators vitamin-/! occurs in 
fish liver oils in the form of esters. It has been found that the presence of 
3-carotene in food produces qualitatively the same effect on animals as 
vitamin-/! VON Euler). It appears that 3 ~ car otene is converted into 
vitamin-/! in the animal organism. I he liver can contain considerable 

quantities of this vitamin. Ihus 3~carotene may be considered as being the 
“provitamin” of vitamin-/!. 

Structure. This was determined in 1931 by P. Karrer and his co-workers 
although they did not possess a specimen of the purity mentioned above. 
A itamin-zl contains an alcoholic hydroxyl group (formation of an acetate). 
The vitamin can be recovered by hydrolysis of the acetate and other esters. 
On catalytic hydrogenation five molecules of hydrogen are taken up. On 
oxidation with ozone geronic acid is produced in such an amount that it 
is probable that the 3 -ionone grouping (290) occurs in vitamin-/l. Karrer has 
worked out methods for identifying the grouping =hcc=c< by oxidative 

C H 

degradation. By oxidising the compound with alkaline potassium perman- 
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ganate, almost two molecules of acetic acid are formed. This work led to 
the structural formula given below: 



Vitamin-/! gives a blue colour with antimony chloride in chloroform; this 
reaction is used for the colorimetric determination of vitamin -^4 (Carr 
and Price). 

Vitamin-/! has been synthesised from p-ionone by Arens and Van Dorp 

(1947)- 
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310. To this class belong those compounds containing ring-systems in which 
there are present one or more atoms other than carbon ( hetero-atoms) and 
those compounds in which such ring-systems are condensed with one or 
more benzene rings (211). In numbering the atoms in the heterocyclic 
nucleus, the hetero-atom is numbered 1 if only one such atom is present; 
if more than one is present, oxygen takes precedence over sulphur and 
likewise, sulphur over nitrogen. 

In the following pages we shall discuss, first of all, five-rings in which the 
hetero-atom is oxygen, sulphur or nitrogen, along with the more impor¬ 
tant derivatives of these ring-systems. Then we shall discuss five-ring-systems 
containing two hetero-atoms; then six-rings in which the hetero-atom is 
oxygen or nitrogen and their derivatives and finally, six-ring-systems con¬ 
taining two hetero-atoms. 



CHAPTER 11 


FIVE-RING SYSTEMS WITH ONE HETERO-ATOM 

IN THE RING 


(l) FURAN AND ITS DERIVATIVES 


3 11 * Furan C 4 H 4 0 , is a colourless liquid smelling like chloroform and boiling 
at 3 *- 5 °; it may be prepared by heating pyromucic acid (312). 

Structure of fur an (Baeyer 1877). Furan does not produce hydrogen when 
treated with sodium and does not react with either hydroxylamine or 
phenylhydrazine; hence it contains no hydroxyl or carbonyl groups. The 
oxygen atom must be combined as an epoxy-oxygen atom (hi, 160). On 
catalytic reduction with palladium black at ordinary temperatures, furan 
takes up four atoms of hydrogen and is converted quantitatively into 
tetrahydrofuran. Two double bonds must therefore be present in the furan 
molecule. The oxygen atom in tetrahydrofuran also has the properties of an 

epoxy-oxygen atom, so that the following structures are assigned to these 
compounds: 


hc 3 4 ch 


h 2 c 3 — 4 ch„ 


HCs i c CH 


furan 


H 2 C 2 j 6 CH 


tetrahydrofuran. 

This structure is confiirmed by the synthesis of furan derivatives from 
1,4-diones (146) by treating them with dhydrating agents such as acetyle 
chloride (Paal). This proecss can be explained by supposing that the dionc 
first of all undergoes a tautomeric ehange and then water is eliminated from 
the tautomeric compound so prodused thus: 


C H,C OCH,CH,COC H s 


1,4-dionC 


HC 

II 

CH.C 


CH 


II CH 

CCH 3 - 


HC 


jCOCl 


4 ch 


HO OH 
tautomeric enol-form 


H,CC, i 5CCH3 

^O^ 

2,5-dimethyIfuran 


In this way 2,5-disubstituted furan derivatives are produced. 

Properties of furan. Under the influence of hydrochloric acid, furan and 
a number of its derivatives are easily resinified. A reaction characteristic 
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of furan is the intense green coloration produced on a pine shaving 
moistened with hydrochloric acid. 

In some substitution reactions, furan shows a similarity to benzene. 
Bromine substitutes in the 2- and 5-positions in the furan nucleus. Maleic 
acid is formed by the oxidation of 2,5-dibromofuran; this establishes the 
positions of the bromine atoms: 


HC 

HC 


CH 


HC 


CH 


+ Br£ 


CH 


luran 


BrC CBr 
2,5-dibromofuran 


HC = 

I 

HOOC 


= CH 


COOH 


[maleic acid. 


Furan can be nitrated with nitric acid and acetic anhydride; in this case 
the nitro-group enters the 2-position, since the nitrofuran obtained is 
identical with a nitrofuran produced by the action of nitric acid on pyro- 
mucic acid. In this reaction the COOH-group is replaced by a N 0 2 -group 
(Rinkes). 


312. Fitrfuraldehyde (furfural or furanal) (C 4 H 3 0 )CHO, is an important 
derivative of furan. It melts at —35-5°, boils at 162°, has a spec. grav. of 
1.1598 at 20 0 and becomes brown in colour when exposed to air. It is pre¬ 
pared on a technical scale by boiling bran or similar vegetable material 
containing pentosans (162) with dilute hydrochloric acid: 


h o H 

I I 

HC-COH 

HC H COH 

I | \ .O 

H O H N c 

^H 

pentose 



HC - CH 

* 5 '"'v. 

» * > + 3 h 2 o . 

HC=CH—C 

\H 


furfuraldchyde 


From this method of preparation it follows that the CHO-group is attached 
to carbon atom 2. 


Furfuraldchyde was observed round about 1850 by several investigators on heating 
bran with dilute sulphuric acid. The name, and also that of furan, is derived from 
furfur = bran. 


Furfuraldehyde has the characteristics of an aromatic aldehyde. Like 
benzaldchyde (257) it reacts with alcoholic potash giving an alcohol and 
an acid (Cannizzaro reaction), namely, furfuryl alcohol or 2-hydroxymethyl- 
furan and the potassium salt of furan 2-carhoxylic or pyromucic acid : 
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HC 


CH 


KOH 


HC 


CH 


HC 


CH 


OHCC CH 
furfuraldehyde 


KOOCC CH |HOHX C CH 

o 

potassium pyromucate 2-hydroxymethyl furan 


With ammonia, furfuraldehyde forms liy dr of uy fur amide (C 5 H 4 0 ) 3 N 2 , which 
is analogous in composition to hydrobenzamide (257). Under the influence 
of potassium cyanide furfuraldehyde is converted into furoin in the same 
way as benzaldehyde gives benzoin: 


HC-CH 

II || 

2 C C CH 

furfuraldehyde 


CH kcn HC 


CH 


HC-CH 


HC CCHOHCOC CH 

furoin. 


A characteristic reaction for furfuraldehyde is the formation of an intense 
red colour with aniline and hydrochloric or acetic acid. 

In the same way as furfuraldehyde is obtained from pentoses, hydroxymethyl- 
furfuraldehyde, which may be converted into fttran 2,5-dicarboxylic acid by oxidation, 
is produced from liexoses, especially ketohexoses, by heating with dilute acids. This 
method of preparation establishes the structure: 


HC 


CH 


HC-- -.CH 

11 • t 


!HOH : CC C C HO 
hydroxymethylfurfuraldchyde 


HOOCC2 t &CCOOH 
furan 2,5-dicarboxylic acid. 


Hydroxymethylfurfuraldchyde on heating with resorcinol and strong hydrochloric 
acid gives a dark red precipitate. A colour reaction for liexoses and especially for 
ketohexoses, (Seliwanoff reaction), is based on this fact. 

Furan 2-carboxylic acid or pyromucic acid (C 4 H 3 0 )C 00 H, melts at 132 0 , 
boils at 205°, is readily soluble in hot water and sublimes easily. It is obtained, 
as the name implies, by the dry distillation of mucic acid (166). It can also 
be prepared from furfuraldehyde by oxidation with potassium bichromate 
and sulphuric acid. 

On heating to the boiling point, pyromucic acid splits up into carbon 
dioxide and furan: 


HC 


CH 


HC 


CH 


HOOCC CH 
pyromucic acid 


+ CO 


HC CH 
furan. 


Furan 2-carboxylic acid shows only a few reactions of an aromatic charac¬ 
ter; it is converted into a sulphonic acid by the action of fuming sulphuric 
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acid. In most of its properties, however, it resembles an unsaturated fatty 
acid. It is easily oxidised, rapidly decolorises alkaline potassium perman¬ 
ganate solution and easily adds on four atoms of bromine. 


In 160 it is stated that the furan ring-system occurs in the cyclo-acetal form of some 
saccharides, the so-called furanoid sugars. This nomenclature is not strictly accurate 
since these compounds are actually derivatives of letrahydrofuran (311). 

The coumaran or benzodihydrofuran ring-system occurs in various natural products. 

Coumarone, which occurs in coal-tar. is bcnzfuran and is readily accessible. It boils 
at 173° and the structure follows from its formation from o-hydroxy-w-chlorostyrene 
by splitting off a molecule of hydrogen chloride with alkali: 



o-hydroxy-to-chlorostyrcne 


coumarone 



benzodihydrofuran (coumaran). 


(ii) thiophen and its derivatives 

313. Thiophen, C 4 H 4 S, a colourless liquid, b.p. 84°, spec. grav. 1.0664 at 20°, 
occurs to the extent of 0.5 % in crude benzene obtained from coal-tar (216). 
The homologues, thiotolen or methylthiophen and thioxen or dimethylthiophen 
occur in very small amounts in coal-tar along with toluene and xylene. 

Thiophen was isolated by V. Meyer (1883) by shaking crude benzene repeatedly 
with small quantities of concentrated sulphuric acid until it no longer gave the 
imlophenm reaction (a blue colour with isatin 315 in strong sulphuric acid). By this 
treatment, the thiophen is converted into a sulphonic acid from which it is recovered 
by heating with water. Benzene and thiophen are more easily separated by boiling the 
crude benzene fraction with mercuric oxide and acetic acid. Thiophen dimercurihy- 
droxyacetate C 4 H s S(Hg 0 2 CCH 3 ) (HgOH), is produced and pure thiophen^is prepared 
from this compound by distillation with moderately concentrated hydrochloric acid. 

Thiophen can be prepared by passing acetylene over pyrites at 300°. In 
this reaction a tarry liquid consisting of about 50 % of thiophen is produced: 

hc-—- cu 

I 

HCt , »CH 
thiophen. 

On the basis of this method of preparation and the properties of the sub¬ 
stance, the above formula is assigned to thiophen (V. Meyer). 

A second method of preparation consists in heating a mixture of sodium 
succinate and phosphorus trisulphide. A violent reaction takes place with 


CH CH 

4 * S -f- | 
CH CH 


acetylene 
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the evolution of hydrogen sulphide and a liquid consisting principally of 
thiophen distils over: 


H 2 CCOONa HC 

- 1 


H-CCOONa 
sodium succinate 


= CH 

1 3 2 ^ 

l ^ 

hc!=*ch 

[thiophen. 


In a similar way 3-methylthiophen is obtained from sodium methylsuccin- 
ate: 


H.CCOONa 


CHjCHCOONa 


+ P.S 


2°3 


H C CH 

* 6 \ 

iS 

CH,CWCH 

3-inethylthiopIun. 


and 3,4-dimethylihiophen from symmetrical dimethylsuccinic acid. 

2-Methylthiophen is produced by heating laevulic acid (148) with phos¬ 
phorus trisulphide. A hydroxy-derivative is formed as an intermediate; the 
hydroxyl group in this compound is eventually replaced by hydrogen due to 
the reducing action of P 2 S 3 : 

H Z C— -CH 2 HC-CH HC:--CH 

I I + r.s, || II -> II II 

CH,C COH CH3C COH CH,C 3 5 CH. 

& I) 


2 ,5~Di»iethylthiophen is obtained by warming hexan-2,5-dione with 
phosphorus trisulphide (compare the analogous formation of 2,5-dimethyl- 
furan on page 513). From this synthesis it also follows that the structure 
assumed for the thiophen ring is correct. 

The known structures of the above-mentioned homologues of thiophen 
and of the carboxylic acids produced from them by oxidation, serve as a 
basis for the orientation of thiophen derivatives. 

Properties of thiophen and its derivatives. Thiophen is stable towards the 

oxidising action of potassium permanganate but is oxidised by strong nitric 
acid. 

As a general rule, substitution reactions take place more readily with 
thiophen than with benzene; the substituent enters position 2. 

Halogen derivatives. The hydrogen atoms in thiophen are very easily 
replaced by the action of chlorine or bromine so that it is very difficult to 
prepare wo«o-substitution products in this way. The mono-iodothiophen 
produced by treating thiophen with iodine and mercuric oxide can be con¬ 
verted into 2-methylthiophen by Fittig’s reaction; hence this compound 
is 2-iodothiophen. Thiophensulphonic acids are produced by the action of 
cold concentrated sulphuric acid on thiophen. 
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2-Nitrothiophen is obtained by treating thiophen carefully with a mixture 
of concentrated nitric acid and acetic anhydride. The same nitrothiophen 
is produced—along with other nitro-derivatives—by the action of nitric 
acid on thiophen 2-carboxylic acid ; in this case the carboxyl group is replaced 
by a nitro-group (compare the analogous reaction in the nitration of furan 
2-carboxylic acid). From this it follows that the nitro-group is situated in 
the 2-position. 2-Nitrophiophen melts at 46.5°, boils at 225 0 and has a smell 
like nitrobenzene. 

2-Atninothiophen or thiophenine is obtained by reducing 2-nitrothiophcn with tin 
and hydrochloric acid ; it is a very unstable compound boiling at 62° at 1 mm. pressure; 
when exposed to air it is converted into a dark solid mass. The hydrochloride of 2-amino- 
thiophen is more stable than the base. 

Aminothiophen cannot be diazotised. It gives an orange coloured aminoazo-com- 
pound (249) with benzenediazonium chloride. Thus it has quite different properties from 
aniline. 

Thienyl ketones are produced by the Friedel-Crafts reaction by allowing acid 
chlorides and aluminium chloride to react with thiophen diluted with ligroin. 2-Acetyl- 
thiophen or thienyl inethyl ketone obtained in this way, gives thiophen 2-carboxylic 
acid on oxidation, which establishes its constitution. 


(Hi) PYRROLE AND ITS DERIVATIVES 

314. Of the five-membered heterocyclic compounds the pyrrole group is 
the most important. 

Pyrrole C 4 H 5 N, is a colourless liquid, b.p. 131 0 , spec. grav. 0.948 at 20°, 
which is immiscible with water; it occurs in Dippel’s oil. This unpleasant 
smelling liquid, obtained by distilling bones etc., contains many nitrogenous 
heterocyclic compounds. Pyrrole can be isolated from the fraction boiling 
between 120° and 131 0 (Anderson, 1858). 

Structure of pyrrole. This can be deduced from the method of preparation 
from butanedial and ammonia: 


H 


H,CC 




^O 
^OL- 
H 2 C C 

butanedial 


HC = C 


HC = C 


HC 


CH 


OH H 
OH + H 


NH 


enol form 


iNH + 2 HjO 
HC?=Ic1i 

pyrrole] 


When pyrrole is allowed to react with hydroxylamine in alkaline alcoholic 
solution, the dioxime of butanedial (succindialdehyde) is produced (Ciama- 
cian and Silber). This reaction may be represented as taking place as 
follows: a molecule of pyrrole reacts with two molecules of water to form 
ammonia and butanedial; the latter is converted by hydroxylamine into 
the dioxime so that pyrrole cannot be re-formed. This reaction is in accord¬ 
ance with the accepted structure of pyrrole: 
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HC CH 


H,C C 




NH + 2 H.O 


N'H, + 


HC = CH 


pyrrole 


O 


H 


H*C —C 




-f H.N'OH 


H 


butaru-dial 


319 


H 2 C C H N'OH 

> 

HjCCII NO II 
butanedialdoxime. 


Opening of the ring system by hydroxylamine occurs also with homologues 
of pyrrole. 

According to the formula given above, pyrrole contains two double bonds; 
in agreement with this, four atoms of hydrogen are taken up on catalytic 
hydrogenation in presence of platinum black and pyrrolidine C 4 H 8 NH (I), 
a secondary base having the properties of a saturated compound and boiling 
at 88°, is produced. 

Pyrrolidine is also obtained by heating the dihydrochloride of 1,4-diamino- 
butane: 

H 2 C—CHjNHjHCr H 2 C-CH a 

—>■ NHHCI -H NH 4 C! 

H 2 C— CH 2 NH 2 HC1 H 2 C — CVl 2 

pyrrolidine hydrochloride 


HCr-CH 


\ : H' 


HoC —CH 3 HC=- C H 


:h-: 4 h ;—>2 


HC — C H 


NH 


H 2 C—CH 
(I) 


NH + 2 H *- 


HC — CH 


HC —CH S HOOCCH 

\ °3 \ 

NH — 

HC—CH 2 
HD 


NH. 

HOOCCH, 

(HI) 


On reduction with zinc and hydrochloric acid, pyrrole takes up two atoms 
of hydrogen and is converted into pyrroline, C 4 H 6 NH (II), a secondary base 
boiling at 91 0 . Like the partially reduced derivatives of benzene, this base 
has the properties of an unsaturated compound. The position of the double 
bond is proved by the formation of iminodiacetic acid (III) on oxidation 
with ozone (Treibs). 

A practicable method of preparation for pyrrole consists in heating ammon¬ 
ium mucate (166) to 180-270° in presence of glycerol as a solvent (Schwa- 
nert, i860): 

HCOHCHOHCOONH.r HC=CH 

—> S NH> NH, + 4H 2 0 + 2CO a . 

HCOHCHOHCOONH, HC=CH 

ammonium mucate pyrrole. 

Properties of pyrrole. These were studied round about the end of the last 
century by Ciamician and his collaborators (Dennstedt, Silber, Angeli). 
By the action of strong acids, pyrrole is converted into red-coloured, solid 
polymers (pyrrole red). On this reaction depends a very sensitive and char¬ 
acteristic reaction for pyrrole and its homologues; when a wood shaving 
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moistened with hydrochloric acid is brought into contact with the vapour 
of pyrrole or one of its derivatives, it is coloured carmine red. 

On account of the resinifying action of acids on pyrrole, no salts of this 
compound are yet known, although it would be expected that a compound 
having the pyrrole structure would have weakly basic properties. 

When pyrrole is boiled with metallic potassium, hydrogen is evolved and 
a solid substance, pyrrolepotassium, C 4 H 4 NK, in which the potassium is 
attached to the nitrogen atom, is produced. Pyrroles alkylated on the nitrogen 
atom, e.g. i-methylpyrrole, are produced by the action of alkyl iodides on 
pyrrolepotassium: 


HC-CH 


NH + K 


HC—C H 
pyrrole 


HC = CH 

NK + CHjI 

HC— CH 
pyrrolepotassium 


HC— CH 


HC 


— CH 


NCHj + KI 


N-methylpyrrole. 


This compound is also produced by heating the methylamine salt of 
mucic acid. From this it may be concluded that the methyl group is attached 
to nitrogen. 


2-Methyipyrrole. Pyrroles alkylated on the nitrogen atom are converted by heating 
into pyrroles alkylated on carbon, the alkyl group migrating to carbon atom 2 in all 
the cases so far studied: 


HC = CH 

NCHj 
HC=CH 
i-methylpyrrole 


HC=CH 

NH 

s’ 

HC=CCH, 
2-methylpyrrole, 


This reaction may be compared with the conversion of methylaniline into toluid- 
ines (237). 


Pyrrole 2-carhoxylic acid is produced in the form of its potassium salt by 
the action of carbon dioxide on pyrrolepotassium: 


:=ch 

HC=rCH 1 

HC 

\ 


\ 


NK + CO, —> 


NCOOK 

—> 

/ 




:^tn 

HC=C H 

HC 


NH 


pyrrolepotassium 


hypothetical intermediate 


potassium pyrrole- 
2-carboxylatc. 


1 his reaction is similar to the formation of salicylic acid (263) from sodium 
phenate and carbon dioxide. 

lhis same pyrrole carboxylic acid is produced in the form of its amide, 
as a by-product in the preparation of pyrrole from ammonium mucate. From 
this it follows that the carboxyl group occupies position 2 in this carboxylic 
acid. 
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Pyrrylmagnesium iodide is formed by the action of mothylmagnesium 
iodide on pyrrole in ethereal solution, methane being formed in the process 
(Oddo). This compound can undergo various reactions; thus with acetyl 
chloride pyrryl methyl ketone is produced: 


HC—CH 


NH 


I1C-CH 


+ CHjMgl 



pyrrole 


HC=C H 

\ll 

HC=C Mgl 


HC 

CII 

Cl C OCH3—>■ 

All 

*> 

iic 

CCOCH 

pyrrvl 

methyl k« 


When dry carbon dioxide is allowed to interact with a cold ethereal solu¬ 
tion of pyrryl magnesium bromide, an addition product is formed from which 
pyrrole 2-carboxylic acid is obtained on the addition of dilute hydrochloric 
acid. From this it follows that the Mgl-group enters the 2-position in the 
pyrrole nucleus in the Oddo reaction. 

In some substitution reactions pyrrole shows a resemblance to aromatic 
compounds. Halogens do not react by addition but by substitution; mono-, 
di- and tri-halogeno-substitution products of pyrrole are extremely unstable; 
the tetra-halogeno-compounds are more stable, especially tctraiodopyrrole, 
C 4 I 4 NH, which is produced by the action of iodine on pyrrole in alkaline 
medium. 

2 -Nitropyrrole is obtained by treating pyrrole with concentrated nitric 
acid in acetic anhydride as the reaction medium (Rinkes). That the nitro- 
group enters the 2-position is clear from the fact that the same nitropyrrole 
can be obtained by the action of nitric acid on pyrrole 2-carboxylic acid, the 
carboxyl group being replaced by the nitro-group. 

2 -Pyrrole-aldeliyde (<x.-pyrrole-aldehyde) is prepared by allowing anhydrous 
hydrogen cyanide and anhydrous hydrogen chloride to react with pyrrole 
in ethereal solution. A hydrochloride of an imino-chloride is produced, from 
which pyrrole-aldehyde is obtained by hydrolysis. In this reaction, pyrrole 
behaves like a phenol in the synthesis of hydroxyaldehydes by the method 
of Gatterman (258). 

Homolognes of pyrrole, containing alkyl groups in positions 2 and 5, can 
be prepared from 1,4-diones (146) and ammonia (Paal). In this reaction the 
diones react in the dienolic tautomeric form: 


HC —C 


R 

OH H 
OH + H 


HC 


CR 


NH 


HC = C 

\R 

tautomeric form 
of 1,4-dione 


1 NH 


HC S 


CR 


2,5-dialkylpyrrole. 


2,4-Dimethylpyrrole is 
sodium nitrite and then 


prepared by the Knorr synthesis. Half an equivalent of 
zinc and acetic acid are added to ethyl acetoacetate and the 
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mixture is then warmed. Ethyl nitrosoacetate is formed and converted mro ethyl 
aminoacetoacetate by reduction. Neither of these intermediates is isolated. Ethyl 
aminoacetoacetate (1 mol.) and ethyl acetoacetate (1 mol.) then react with the elimi¬ 
nation of two mols. of water to form ethyl 2,4-dimethylpyrrole 3,5-dicarboxylate. The 
latter is converted into 2,4-dimethylpyrrole by hydrolysis with dilute sulphuric acid 
and decarboxylation of the resultant acid: 


HjCC-OH 
CjHjOOCC— NHj 


tautomeric form of 
ethyl 

aminoacetoacetate 


H—CCOOC 2 H 5 

+ || —>2H a O + 

HO — C CHj 


tautomeric form of 
ethyl acetoacetate 


CjHjOocc s —-c c h,: h 2 SO 4 


H3CC2 sCCOOC.Hj 
H 

diethyl 2,4-dimethylpyrTole 
3,5-dicarboxylate 


HC 


CCHj 


CH,C 


CH 


N 
H 

2,4-dimcthylpyrrole 


Tautomerism and mesotnerism in pyrrole derivatives. From recent researches of 
Wibaux and Gulj£ it has been found that the reaction between pyrrole and ozone 
and its homologues takes place without appreciable charring if the reaction is carried 
out at —6o° in chloroform as a solvent. In this reaction the double bonds are broken. 
Glyoxal (145) is produced from pyrrole itself and glyoxal and aniline are obtained in 
good yields, along with formic acid, from N-phenylpyrrole. These results are in accord¬ 
ance with the classical structural formula for pyrrole: 


,.'H C 


<i H \ 

II >3 

CE'' 


o 3 : 

** \ 11 

\HC 
^N 

I 

H 

pyrrole and ozone 

1 

H —C —C—H -f 2HCOOH + 

II II 

O O 2HjO, + NH, 


O s ; 


/ 


HC 


\hc 


CH\ 

II >3 

CH 7 


N 


hydrolysis 


H—C —C—H + 

II II 

O O 


C,H S 

N-phenylpyrrole and ozone 

~ H \. /wn 

C C 


+ 2H t O t 


c 4 h 5 j 

hypothetical intermediate product 
C 4 H 5 NH, + 2HCOOH. 

In the degradation of 2,3-dimethylpyrrole with ozone (ozonolysis), dimethylgly- 
oxal, methylglyoxal and glyoxal were obtained, from which it would appear that this 
compound can react according to three tautomeric structures: 


HC 

11 

HC 


N 

H 


II 


—C CH S 

HC —CCH, 

I I 

HC——CCH 
I I 

CCH, 

1 

H,C CCH, 

HC CCH 

s' 


^N^H 

I 

I 

1 11 

i 111 

-C—H 

CH,—C —C—CH, 

H—C—C—H. 

|| 

II II 

II II 

O 

O O 

O O 
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The tautomeric forms II and III can be produced by displacement of the hydrogen 
atom on the NH-group to one of the carbon atoms 2 or 5, the displacement of the 
proton being accompanied by a displacement of the double bonds. The occurrence of 
tautomeric forms is not possible, however, with 1.2,5-trimethylpyrrole IV, since the 
displacement of a methyl group attached to nitrogen is very improbable. 

In the ozonolysis of IV. however, methylglyoxal is obtained as well as glyoxal. 

The former substance can be produced if 1.2,5-trimethylpyrrole can react in the 
mesomeric forms V or VI. In these mcsomeric structures the nitrogen atom carries 
a positive charge and one of the carbon atoms 2 or 5, a negative charge: 



HC — =CH 


CH,C CCH 3 
C H 3 

l VI 

II—C — C—CHj. 


o o 


The pyrrole and the pyrrolidine rings occur in a number of compounds of 
biochemical importance. Pyrrole rings occur in the molecules of the blood 
pigment and the chlorophylls (see 319, 321). Of the pyrrolidine group, 
pyrrolidine i-carboxylic acid or proline and hydroxyproline are of importance 
because they are degradation products of proteins (see 200). The pyrrolidine 
nucleus occurs also in a number of alkaloids, viz. in hygrine (354), nicotine 
(356) and cocaine (358). 


Indole or benzopyrrole and its derivatives 

315. Indole C 8 H 7 N, a compound melting at 52 0 and volatile in steam, occurs 
in small quantities in coal-tar, in oil of jasmin and in orange blossom. When 
not quite pure, indole smells very unpleasantly; pure indole, however, finds 
a use in the perfumery industry on account of its characteristic odour. 
Indole is important because many of its derivatives occur in natural products. 

The potassium derivative of indole, in which the potassium is attached 
to the nitrogen atom, can be obtained by heating the coal-tar fraction boiling 
between 240° and 260° with caustic potash. 

Structure of indole. Indole was first obtained by A. von Baeyer (1866) 
in a series of reactions starting from indigo C 16 H 10 O 2 N 2 (316). On oxidising 
indigo with nitric acid, isatin C 8 H 5 0 2 N (I), which melts at 201° (Laurent, 
1841), is formed. On reduction with sodium hydrosulphite, Na 2 S 2 0 4 , isatin 
takes up two atoms of hydrogen and is converted into dioxuidole C 8 H 7 0 2 N 
(II), which is converted into oxindole C 8 H 7 ON (III), melting at 127 0 , by 
reduction with tin and hydrochloric acid. When oxindole is distilled with 
zinc dust, indole (IV) is produced: 
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IV. indole. 

Isatin (I) can be prepared synthetically by treating o-nitrobenzoyl chloride 
with silver cyanide, hydrolysing the resultant nitrile and reducing the o- 
nitrobenzoylformic acid to the corresponding amino-compound (Claisen 
and Shad well, 1879). The latter is converted into isatin by the intra¬ 
molecular elimination of water: 


NH 


NH 


NH 






CO 

CH 2 


I. isatin 


II. dioxindole 


III. oxindole 




o-nitrobenzoyl chloride o-nitrobenzoyl nitrile 


o-nitrobenzoylformic acid 



o-aminobenzoylformic acid 



isatin (enol form). 


Dioxindole (II) is produced by the elimination of water from the unstable 
o-aminomandelic acid obtained by reducing o-nitromandelic acid: 


y\x 

vX 


NO, 


6 H 


CHOHCOOH 
o-nitromandelic acid 



NH , 


NH 


CHOHCO OH 
o-aminomandelic acid 



dioxindole 


Oxindole (III) is obtained by reducing o-nitrophenylacetic acid and elimin¬ 
ating water from the product: 

/\X N ° 2 

r 11 

^XXcHjCOOH 

o-nitrophcnylacetic acid o-aminophcnylacetic acid oxindole. 

From the above, it follows that indole is built up from a benzene nucleus 
condensed with a pyrrole ring (Baeyer, 1870). Its systematic name is benzo - 
pyrrole. 

Properties of indole. It reacts as a feeble base and is coloured red by hydro¬ 
chloric acid. This reaction is in accordance with the presence of a pyrrole 
nucleus in the molecule. Indole may be identified as the picrate, which 
crystallises in bright red needles. 
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3 -Methylindole or shalole C # H # N. a compound melting at 93 occurs in faeces and 
gives the latter its characteristic odour. It is produced by the bacterial decomposition 
of proteins containing tryptophan as a structural unit or by decomposing them by 
means of caustic potash. 

Hotno/ogues of indole can be prepared by the general method devised by E. Fischer. 
in which phenylhydrazones of aliphatic aldehydes or ketones are heated with zinc- 
chloride : 


oc 


NH N 
II 

CH—C H 2 CH 3 


NII 


ZnCI 2 



propionaldcliyde 

phenylhydrazonc 


CH 
C C 11 


skatole. 


t- N 11 


Indoloalanine or tryptophan C n H 12 0 2 N 2 . m.p. 289°. is an important fission product 
of proteins (200). Its structure has been confirmed by synthesis and its systematic name 
is 2-amino-(3'-indolyl)-ethane 1 -carboxylic acid. 


Indigo and related dyestuffs 

316. Indigo C 16 H 10 O 2 N 2 , is one of the most important blue dyestuffs; it 
is very fast to light and to washing, especially on wool and other animal 
fibres, and has been known since prehistoric times. A glucoside (179), 
indicoside or indican C 14 H 17 0 6 N3H 2 0 (Hazewinkel, Hoogewerff, Ter 
Meulen, 1900) occurs in the leaves of certain plants e.g. in indigo/era tinc- 
toria and in leptostycha. The indicoside can be recovered from the leaves by 
extraction with hot water. Besides indican, the leaves also contain an enzyme 
(208), indimulsase, which is rendered inactive, like all enzymes, by boiling 
water. If the leaves are extraced with cold water, both the indicoside and 
the indimulsase pass into solution; the glucoside is then split by the enzyme 
into glucose and indoxyl, a yellow crystalline compound, m.p. 85°, which 
is stable in weakly acid solution but is readily oxidised by atmospheric 
oxygen in weakly alkaline solution to indigo. 

Structure of indigo. It has already been mentioned in 315 that isatin, 
which contains eight carbon atoms and one nitrogen atom, is produced by 
the oxidation of indigo. This is exactly half the number of carbon atoms and 
nitrogen atoms in the indigo molecule. By the action of phosphorus penta- 
chloride on isatin there is produced isatin chloride, which may be converted 
into indigo b}' treatment with zinc dust and acetic acid (Baeyer, 1870): 



isatin isatin chloride indigo. 
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The structure of indigo has been confirmed by several other syntheses 

devised by Baeyer. , , . , , .. 

Technical preparation oj indigo. The oldest method is based on the 

Heumann synthesis (1890). Anthranilic acid or o-aminobenzoic acid (262) 

is heated with mono-chloroacetic acid to form phenylglycinc carboxylic 

acid (I) which is converted into indoxyl or 3-hydroxyindole C s H,ON, by 

fusion with caustic soda: 


NH 


x\ 


NHg 
COOH 


+ C1CH.COOH 



CH 

COH 


+ C0,+ H,0. 


NX 

antl.ranilic acid phenylglycinc carboxylic acid I indoxyl or 3-hydroxyindole 

In alkaline solution indoxyl is readily oxidised by atmospheric oxygen to 
indigo: 

NH 



Vo,/ 


NX 


NX 


indoxyl 



° + 2 H 0 O 

6 ' 


This original method was later superseded by a simpler method, also 
devised by Heumann and therefore generally known as his second synthesis, 
in which the starting point is aniline. The latter is first of all converted into 
phenylglycinc by treatment with chloracetic acid, or more recently, by 
interaction with formaldehyde bisulphite and sodium cyanide to produce 
phenylglycinc nitrile, which is subsequently hydrolysed, and the phenyl- 
glycine is converted into indoxyl by fusion with caustic soda and sodamide 
(Pfleger 1900): 

XNX N NaNHj 
+ ClCH,COOH —> r |J CH, -* 

NX HOOC 

phenylglycinc tautomeric form of indoxyl. 

Synthetic indigo has displaced the natural product almost completely. 




Finally, indigo can be prepared by heating anthranilic acid ( 1 ), formaldehyde and 
potassium cyanide solution to give, via niethyleneanthranilic acid (II), carhoxypheny - 
glycine nitrile (III) which gives’ o-carboxy phenyl glycine (IV) on hydrolysis; the latter 
is then converted into indigo as already described above: 

(A COOH + OC Ht -> X COOH +HCN-* X C00H -^(X C00H 
1 /nh, N /N=ch, N JNhcHjCn N/ nhch * cooh * 

hi IV 


1 


11 
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Indigo-wliite or leucoindigo C 16 H 12 0 2 N 2 . is produced by reducing indigo, 
two atoms of hydrogen being taken up to convert the two carbonyl groups 
into two >COH-groups: 


N H N H 




Indigo-white is soluble in alkalis in accordance with the 4 phenolic character 
of the compound. The alkaline solution is oxidised by atmospheric oxygen 
giving indigo in a very finely divided form. 


Indigo is reduced to leucoindigo or indigd-white by reducing agents like sodium 
hydrosulphite, ^Na 2 S 2 0 4 , or Formosul ; cotton or wool fabrics to be dyed arc steeped 
in such an alkaline solution and then exposed to air when indigo is produced inside 
the textile fibres. 

In the dyeing trade such a dyebath is known as an indigo vat. 

Reduction with calcium hydrosulphite has the advantage that reduction goes no 
farther than the leuco-dyestuff stage, so that when it is used no indigo is lost. 


Indigo is a vat dyestuff, i.e. it belongs to that class of dyestuffs consisting 
of insoluble pigments, which are converted by alkaline reducing agents into 
soluble compounds, so called leuco-cottipounds , having the property of being 
absorbed from solution by vegetable and animal fibres. The leuco-compound 
is said to have affinity for the textile material. On subsequent oxidation, 
the insoluble pigment is re-formed on or, more precisely, inside the fibre, 
which is thereby dyed. The vat dyes have the advantages of being very fast 
to washing and usually also to light, the fabric requires no pre-treatment 
like mordanting (252) and, in the case of indigo, the preparation of the vat 
and the dyeing can be carried out at ordinary temperatures but this is not 
the case with all vat dyes. There are two main classes of vat dyes, those deriv¬ 
ed from anthraquinone (282) and other polycyclic quinones and those related 
to indigo. The latter are known collectively as the indigoids ; they all contain 


the grouping o=c—c=c—c=o , 

I I 

class of dyestuffs. 


which is the chromophoric group of this 


b ,b' -Dibromoindigo or the purple of the ancients, is a derivative of indigo in which 
the hydrogen atoms in positions 6 and 6' are replaced by bromine atoms. This was 
used in ancient times for dyeing expensive cloths; it was obtained from the mollusc 
murex brandaris, which secretes a colourless compound from which the purple separates 
on exposure to light. Friedlander isolated this compound from this source and esta¬ 
blished its structure. 
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Thiomdigo contains sulphur atoms in place of the two NH-groups and is a red 

dyestuff (Friedlaxder). . , , . . 

By introducing other substituents, it is possible to obtain various shades of colour 

so that the group of indigoid dyestuffs is very extensive. 


Carbazole or dxbenzopyrrole 

317. The carbazole molecule consists of a pyrrole ring to which two benzene rings 

are condensed in oW/io-positions 

Carbazole C 12 H 9 N, which was discovered by Graebe in 1872 in 
crude anthracene oil from coal-tar, was so named by him because 
in spite of its nitrogen content the compound resembled a hy¬ 
drocarbon. It is isolated by distilling crude anthracene oil (282) 
with caustic potash by which it is converted into a potassium 

derivative. 

The structure was confirmed by the production of carbazole by leading diphenyl- 
amine vapour through red hot tubes: 




diphcnylaminc dibenzopyrrole 2,2'-diaminodiphenyl. 


Dibenzopyrrolc is obtained in almost quantitative yield by heating 2,2'-diamino- 
diphcnyl with dilute sulphuric or hydrochloric acid to 200° (Tauber). This reaction 
is analogous to the formation of diphenylamine from aniline (236). 

Carbazole melts at 238°, boils at 355 0 and sublimes easily; it forms a picrate which 
separates in large red crystals melting at 186 0 , but it shows no evidence of salt forma¬ 
tion with hydrochloric acid. As a secondary amine it forms a nitroso-compound. 

Carbazole dissolves in concentrated sulphuric acid with a yellow colour; if a trace 
of nitric or nitrous acid is present, the colour becomes an intense green. With concen¬ 
trated sulphuric acid and isatin (315) a deep blue colour is produced. 

Carbazole is of some importance for the preparation of dyestuffs, e.g. Hydron Blues. 


Phtalocyanine dyes 

318. This important group of colouring matters may be considered as deriv¬ 
atives of iso-indole (I). They are formed by heating o-cyanobenzamide (II) 
or phthalonitrile (III) (Linstead) with metals, e.g. Mg, Cu, etc., or their salts: 


C e H, NH 

^CH/ 


/CN 

C f H 4 NH, 

\co/ 



/CN 

^CN 


I 
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The most important is copper phthalocyanine (annexed formula). The 
structure of these compounds was suggested by Lixstead from chemical 
evidence and completely confirmed by Robertsox 
from a complete X-ray examination of single crys¬ 
tals. 

The ring system in the phthalocyanines is very 
similar to that in the porphyrins (319). The 
phthalocyanines are therefore called porphyr- 
azines, the copper compound being copper tetra- 
phenylporphyrazine. 

These insoluble, highly coloured compounds 
are used as pigments. Finely dispersed in water 
or oils they produce water or oil paints, printing 
inks, etc. They are also used for colouring articles directly, e.g. by incorporat¬ 
ing the finely dispersed pigment into artificial leather, lacquers, soap, lino¬ 
leum, etc. They are distinguished by their beautiful bright colours, their 
chemical stability and their fastness to light; in general properties they are 
akin to the best mineral pigments. 


y\. 



Y-x > 


/ X/ 

\ 

X C11 

X 

)- 

/ 1 


V 1 



/ w 

\ 


\=y 



copper phthalocyanine 


Haemin and the porphyrins 

319. The colouring matter in the red blood corpuscles, haemoglobin, consists, 
as already mentioned in section 201, of an easily splittable compound of a 
protein, globin, and a colouring matter, haem or haemochromogcn. Haem, 
C34H 3 20 4 N 4 Fe, has been obtained crystalline; the iron is divalent and combin¬ 
ed as a complex. This colouring matter, which is also called protohaem, is 
a very unstable compound, which is oxidised by atmospheric oxygen 
extremely easily. 

When oxyhaetnoglobin or blood is treated with a saturated solution of 
common salt in acetic acid, a crystalline compound haemin, C 34 H 32 0 4 N 4 FeCl, 
is readily obtained. The iron atom is trivalent, two valency bonds being 
attached to nitrogen and the third ionogenically to the chlorine atom. 

By the action of dilute alkalis on haemin, haematin, C 34 H 32 0 4 N 4 Fe 0 H, 
is produced. This compound can also be produced by splitting oxyhaemo- 
globin with dilute acids. The salts of haematin are called haemins; the above 
mentioned chloride is sometimes called haemin for short. 

The chemistry of haemin has been studied by a large number of investi¬ 
gators and important contributions have been made, for example, by 
Nencki, Piloty, Kuster and Willstatter. The structure of this and 
many closely related compounds was established by Hans Fischer and 
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his pupils and eventually they were able to synthesise haemin (1929). Only 
a few of the main points can be mentioned here. 

Structure of haemin. This compound is a dicarboxylic acid, both mono- 
and dimethyl esters being known. When haemin is treated with acids the 
coordinate^ combined iron is removed and a number of well-crystallised, 
coloured compounds, the porphyrins, are produced. These differ in compo¬ 
sition according to the nature of the acid used for breaking down the haemin. 
Porphyrins are formed in the animal body under certain physiological and 
pathological conditions; various porphyrins occur also in the animal and 

vegetable kingdoms. They can be recognised by their characteristic absorp¬ 
tion spectra. 

By the further fission of haemin under reducing conditions, e.g. by the 
action of hydriodic acid and acetic acid or of tin and hydrochloric acid, the 
under-mentioned pyrrole derivatives, the structures of which have been 
established by synthesis, are produced. 

1 he yields in which these four pyrrole derivatives (I-IV) are obtained 
indicate that four pyrrole nuclei occur in haemin: 


H,CC-CC 2 H 6 

HjCC CH 

^N^ 

H 

I 

hacmo-pyrrole 


H,CC 


CC 2 H 6 


HC C CH, 

^N^ 

H 

II 

crypto-pyrrole 


H 3 CC-C-CH.CH, 

H s cc CH COOH 

\n^ 



hacmo-pyrrole carboxylic acid 


H 3 CC-C — CHjCH 3 

HjCC C CHj COOH 


N 

H 


phyllo-pyrrole carboxylic acid 


H 3 CC 


h 3 cc 


cc 2 h 5 


CCH 


N 

H 

III 

phyllo-pyrrole 


h 3 cc-CC s H 5 

HC CH 

^N^ 

H 

IV 

opso-pyrrolc 


H 3 CC-C-CH.CH. 

II II | 

HC CCH, COOH 

^N^ 

H 

crypto-pyrrole carboxylic acid 


H S CC-C-CH^H, 

II II I 

HC CH COOH 

^N^ 

H 

opso-pyrrole carboxylic acid. 


By treating haemin carefully with a mixture of hydriodic acid, acetic acid 
and red phosphorus, meso-porphyrin, is produced. When the 

compositions of these compounds are compared with one another it appears 
that the FeCl-group in haemin is replaced by two atoms of hydrogen and 
four additional atoms of hydrogen are taken up into the molecule. Two 
vinyl groups are present in haemin, which are converted into ethyl groups 
urmg th e reductive fission. Like haemin, meso-porphyrin contains two 
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carboxyl groups, both of which can be esterified, so that the dimethyl ester 
ot this compound is also known. 

By decarboxylating meso-porphyrin, a compound of the composition 

^32H 38 N 4 , m.p. 360-363°, a eh o porphyrin III, is formed; the parent of this 
class of compounds is porphin, C^H^Nj.* 



porphin 


C-Hj H CH, 

\^ C vV 


H 3 C 



HC 


/ 

\ 


=N 


N 






H 3 C 


H 

H 

N N 

II 


\ 


CH 


xH 



HOOCHjCHjC H CHjCHjCOOH 

meso-porphyrin. 


Structure of the porphyrins . The porphin ring system contains four pyrrole 
groups joined by methine groups. Porphin has been obtained in very small 
yield by H. Fischer by heating an alcoholic solution of a- or 2-pyrrole- 
aldehyde with anhydrous formic acid. The carbon atoms of the aldehyde 
groups furnishes the CH-groups joining the pyrrole nuclei. 

At the suggestion of H. Fischer, the carbon atoms of the methine groups 
are differentiated by greek letters, the pyrrole nuclei by roman numbers 

and the substitutable carbon atoms in the pyrrole nuclei by arabic 
numbers (see formula above). 

Before porphin was known, Fischer had already made a large number of 
its substitution products, the porphyrins, synthetically. 

The structure of the porphyrins is apparent by comparison with compounds 
of established structure by synthesis. 

One of the synthetic methods followed, depends on the action of bromine 
on substituted pyrroles carrying a methyl group in position 2 or 5, while 
the other carbon atom (5 or 2) is unsubstituted. The substitution of bromine 
probably takes place on the carbon atom in the methyl group in position 

2 or 5 and on the unsubstituted position 5 or 2, so that II is probably formed 
as an intermediate product: 


HjCC-CCOOC.H. 

II II * 


HC 


C CH 


N 



H 

I 

2 , 4 -dimethy]- 3 -carbethoxypyrrole 



COOC,Hj 

CH 2 Br 


(hypothetical) 
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H 3 CC-CCOOC.H. 

11 ii a ** 
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C CH 
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H 3 CC 


Br 


■ccooc 2 h 6 h 3 cc 


CCOOC 2 H 5 


H 


GH ; — 

III 


H 3 CC 


c 


C BrC C 

dehydrogenation 


CCOOC 2 H 6 h 3 cc 
-CH==C 


CCOOCjHg 


CCH3 
N 

IV H+ Br- 

pvrromethene. 


This hypothetical product reacts with a second molecule of I with the 
formation of a brominated dipyrrylmethane (III), which can also be obtained 
by other methods. Compounds of this type can be easily oxidised; in the 
process they are converted into pyrromethenes. The dipyrromethane, which 
is assumed to be an intermediate product, is dehydrogenated by the excess 
bromine with the production of the hydrobromide of the brominated 
pyrromethene (IV). Hence this salt is obtained directly by the action of 
bromine on 2,4-dimethyl-3-carbethoxypyrrole (I). 

The pyrromethenes are stable compounds giving well defined, crystal¬ 
line salts. 


320. Non-halogenated pyrromethenes are produced, for example, by 
condensing pyrrole aldehydes with pyrroles containing no substituents in 
the 2 or 5 position (i.e. containing a CH-group). Thus the hydrochloride of 
4 > 5 > 3 '> 5 '-telramethyl-3,4''-diethylpyrromethene is produced from cryptopyrrole 
aldehyde and haemopyrrole in alcoholic hydrochloric acid: 


H.CC 


CC,H S 


H 8 C C CH 
H 

haemopyrrole 


H » CC T'T CC aH 6 
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H 




C C s' I'CCH. 


H 

cryptopyrrole aldehyde 


H s CC 5 i aC 
N 


H.CC^- 5 CC t H 8 H s CCp j7CC a H # 

H I! I! 

-c-Ci' ,5'CCH, 

o 


H « H 

dipyrrylcarbinol derivative (not isolated) 


h 3 cc 4 -jC C t H B HjC C==~C C t H 6 


II .1 

H 3 C Cs *c 

N 
H 


C 

I 

H 


Ci' s'CCH, 
\ 1'^ 3 

N 

H+ Cl- 


4,5,3'.5'-tetramcthyl-3,4 , -diethylp>Tromethene hydrochloride. 


When the hydrobromide of this pyrromethene is heated to 140° with glacial 

acetic acid, hydrogen bromide and an equivalent quantity of 5,5 / -dibromo- 

4 , 4 '-dimethyl- 3 , 3 '-diethylpyrromethene hydrobromide, aetioporphyrin III, 
is produced. 

In this reaction apparently, dehydrogenation also takes place as well as 
ring closure with the elimination of hydrogen bromide. 

The pyrrole nuclei I and II in aetioporphyrin have their origin in the 

4.5»3 / »5 / -tetramethyl-3,4 , -diethylpyrromethene hydrobromide, and the pyr- 
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role nuclei III and I\ in the s.s'-dibromo^^'-dimethyl-a^'-diethylpyrro- 

methene hydrobronnde. In order to express this clearly, the various nuclei 

1 11 




of these compounds are marked with roman ordinals in the reaction scheme 
given above. 

The numbering of the carbon atoms in pyrromethenes is not in accordance 
with the general rule (clockwise numbering), both the pyrrole nuclei in the 
pyrromethenes are numbered in the opposite direction by Fischer. 

This aetioporphyrin or i, 3 o, 8 -tetramethyl- 2 , 4 , 6 , 7 -tetraethylporphin is 
identical, as regards crystallographic properties and absorption spectrum, 
with the product prepared from haemin. 


A large number of porphyrins have been prepared by various methods; in many 

cases the structure has been established by two independent syntheses. 

Iron combined as a complex can be introduced into the porphyrins by heating them 

m solution in glacial acetic acid with ferrous acetate and common salt. 

Ihe product formed initially, is a complex ferrous salt, which is very easily oxidised 

and is converted into the chloride, so that a complex ferric salt crystallises out as 
represented below: 


>NH 

>NH 


+ Fed, 


>N\ 


Fe 


2HCI -f O >N\ 

- > Fe—Cl 

>N/ 

ferric salt. 


>N^ 
ferrous salt 

Other complex metallic salts, e.g. Cu, Mg, Zn, Cd, Sn, Ag, Co, V, o£ porphyrins 
are known. These complex salts as a rule crystallise very well; they may be distin¬ 
guished from the porphyrins by their absorption spectra. 


On the next page is given the proved structure of haemin. Only this 

structure is given since a discussion of the synthesis would take us too far at 
this stage. 

From this formula it is easily to be seen that both the pyrroles and their 
carboxylic acids from which the structure is given in 314, can originate from 
haemin by reductive fission. 
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In the molecules of haemin, porphin and the porphyrins there is a hetero¬ 
cyclic ring of sixteen atoms, formed from twelve carbon atoms and four 
nitrogen atoms. These molecules contain an uninterupted system of conjugat¬ 



ed double bonds, which is responsible for the intense colour of these sub¬ 
stances. Of the naturally occurring porphyrins the followingmay be mentioned: 

Protoporphyrin C 34 H 34 0 4 N 4 , a dicarboxylic acid, crystallises in brownish yellow 
crystals. It occurs in the vegetable kingdom, e.g. in peas, maize, oats and also in 
yeast. The shells of various birds' eggs also contain protoporphyrin and it occurs in 
very small amounts in human faeces. It can be produced by careful decomposition 
of haemin and has been prepared by synthesis. 

Coproporphyrin C 30 H 38 O 8 N 4 , a tetra-carboxylic acid occurs in yeast and human 
faeces; it occurs also in urine in certain pathological conditions. 

Uroporphyrin C 40 H 38 O 16 N 4 . an octa-carboxylic acid, also occurs in urine in certain 
pathological conditions. A complex copper derivative of uroporphyrin occurs in the 
feathers of certain birds. 

Complex vanadium salts of porphyrins and also aetioporphyrin occur in very small 
quantities in some kinds of coal and petroleum. 

The structural formulae of the porphyrins can be represented in an abbreviated 

form by a device of H. Fischer. A pyrrole nucleus is represented by the sign |-j and 

the methine groups are not drawn in: 


H,C 


H S C 


HOOCHjCHjC 


CH=CH, 


H,C 


CH, HOOCCHjCHjC 


CHjCHjCOOH 


HjC 


CH=CH t 


H.C 


CH, 


CH, 


H,CCOOH 

protoporphyrin 


H,C 


CH,CH,COOH 


CH, 


H,CCOOH 

coproporphyrin. 
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HOOCH,C 


HOOCH ,CH,C 


CH.CHjCOOH 


HOOCH,C 


CHXOOH 


H.C 


CH 


I 


HOOCHjC COOH 

uroporphyrin 


H,C 


H 3 C 


C ,H S 


CHjCHjCOOH H.C 


5^2 


H t C s 


CH 


C,H 


CH 


aetioporphyrin III. 


Colouring matters of leaves 

The Chlorophylls 

321. Two green and two yellow pigments occur in the chloroplasts. The 
yellows are carotene and xanthophyll (308); the green colouring matters 

are the bluish green chlorophyll-a C 55 H 72 0 5 N 4 Mg, and the yellowish green 
chlorophyll-b C 65 H 70 O a N 1 Mg. 

1 'hese substances were first isolated from green leaves by R. Willstatter. 
By his investigations (1904-1917) followed by those of Conant and especi¬ 
ally by those of H. Fischer, the structures of the chlorophylls can now be 
taken as virtually established. 

The four colouring matters mentioned above occur in all green plants 
from the single celled green algae to the very complex phanerogamia. 

The ratio of chlorophyll-* : -b is about 3 : 1, the ratio of chlorophyll 
(« + b) : (xanthophyll -f- carotene) is also about 3:1. Carotenoids pre¬ 
dominate, however, in autumn leaves. 

Properties and structure of the chlorophylls. Both are very easily decomposed 
by the action of dilute acids; the complexly bound magnesium is split off 
as magnesium oxide and replaced by two atoms of hydrogen. 

Phaeophytin-a C 55 H 74 0 5 N 4 , is produced from chlorophyll-*, into which 
it is reconverted by treatment with an alkylmagnesium halide. 
Phaeophytin-b C 55 H 72 0 6 N 4 , is produced from chlorophyll-6. 

In the following paragraphs the discussion will be limited to a few reactions 
of chlorophyll-*, which are of importance for determining the structure 
of this substance. The determination of the structure of chlorophyll-6 depends 
in the main on a similar series of reactions. 

Chlorophyll-* is split up by an enzyme occurring in green plants, into 
phytol (95) and a compound, chlorophyllide-a, with one free carboxyl group 
and a carbomethoxyl group. Conversely, chlorophyll-* can be obtained from 
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phytol and chlorophyllide-rt under the influence of the enzyme in question, 
namely, chlorophyllase : 


/ COO CjgHjg 
(C a .H 30 ON 4 Mg) 

\COOCHj 



chlorophyllide-a phaeophorbide. 


From this reaction scheme it is seen that chlorophyll is the ester of a 
dicarboxylic acid. 

The COOCH 3 -group in chlorophyllide can be hydrolysed by alkalis but 
an alteration in the molecule then takes place. The phytol residue can be 
split off from phaeophytin by acid hydrolysis with the formation of phaeo - 
phorbule, which is also produced by removing the magnesium from chloro¬ 
phyllide by the action of dilute acids. 

A group of atoms consisting of 32 carbon atoms and 4 nitrogen atoms 
occurs in all the above formulae. On reductive fission, chlorophyll derivatives 
furnish the same pyrrole homologues as haemin (319). Hence this makes it 

probable that each of the four nitrogen atoms in chlorophyll is associated 
with a pyrrole nucleus. 

On further degradation of phaeophorbide with alkalis, various porphy¬ 
rins (319) are produced with one or two carboxyl groups in the side chains; 
by removing carbon dioxide, two aetioporphyrins are eventually obtained, 
pyrroaetioporphyrin and phylloaetioporphyrin C 31 H 36 N 4 : 


(*) 



(y) 

pyrroaetioporphyrin 


11 >c,h 6 



h 3 c 


CH ((*) 
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\cH s 


C 9 H 5 CH 3 H 

, (y) 

phylloaetioporphyrin. 
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From this, the great similarity in structure of chlorophyll and haemin 

as regards the heterocyclic ring-system in both compounds, is at once 
evident. 


In chlorophyll, another five carbon atom ring occurs condensed with the 

pyrrole nucleus III. A consideration of the derivation of the structure of 

chlorophyll is too involved for this book, and below is given simply the 

structural formulae, which agree best with the reactions of chlorophyll at 
present known. 


Both chlorophyll-^ and chlorophyll-^ contain a dihydroporphyrin ring, 
in which carbon atoms 7 and 8 each carry a hydrogen atom. Chlorophylls 

has a methyl group on carbon atom 3, while chlorophyll -6 carries an aldehyde 

or formyl group on this carbon atom. Otherwise, chlorophyll-* and chloro- 
phyll -6 are similar in structure: 


(a) 



CH a C H— C =0 


CH, COOCH, 
»> 

COO-phytyl 

chlorophyll-a 



CH, CH-C=0 


CH. COOCH. 

I 11 

COO-phytyl 

chloropliyll-6. 


The phytyl residue present in chlorophyll is the cause of the solubility of 
the latter in oils and its resemblance to the carotenes (308). 
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IN THE RING 


322. To this group belong, for example, compounds containing rings in 
which an oxygen and a nitrogen atom, or a sulphur atom and a nitrogen 
atom, or two similar atoms, such as two nitrogen atoms, occur. 

To a greater or lesser degree, compounds containing these ring-systems 
are similar in properties to aromatic compounds. The following types will 
be discussed briefly: 


HC 


CH 


N* j sCH 
O 


iso-oxazolc 



HC* sCH 



oxazole 


r ‘1 

H' 

= 5“ 

— CH 

Nr- -.CH 

II 1 

HC 2 sCH 

1 

Si 

sCH 

II 1 

HCi sCH 



H 

/ 

x 

\ 

thiazole 


pyrazole 

iminazole 
of glyoxaline. 


(0 ISO-OXAZOLE, OXAZOLE AND THEIR DERIVATIVES 


Iso-oxazolc C3H3ON and its alkyl derivatives are liquids, which are partly miscible 
with water and smell rather like pyridine. 

Derivatives of iso-oxazole are obtained by the interaction of hydroxylamine on 
1.3-diketones (146): 


H,CC O CH=C OH CH, 


H, N—O H 



2H 2 0 + 



2 , 5 -dimethyliso-oxazole. 


A compound with a condensed iso-oxazole ring is menthioned in 259. 

Oxazole C 3 H 3 ON, is unknown; its derivatives can be obtained, however, in various 
ways, e.g. by condensing amides with i-halogenoketones: 


NH HOCCH, 

II + II 

H,CC-OH C1CH 

acetamide chloroacetone 

(tautomeric form) (tautomeric form) 



2 , 4 -dimethyloxazole. 


2,4-Dimethyloxazole is a colourless liquid boiling at 10S 0 , which is readily soluble 
in water, alcohol, and ether. 
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(n) THIAZOLE AND ITS DERIVATIVES 

Thiazole C 3 H 3 NS. like its derivatives, is a stable compound, which shows a great 
similarity in physical and chemical properties to pyridine (332). It l>oils at 11 7- and 
is miscible with water and the usual organic solvents. Thiazole and its derivatives 
can be prepared by the Haxtzsch synthesis by condensing thioamides with i-halogeno- 
aldehydes or ketones. Ihiazole is obtained from thioformamide and chloroetliana 1- 


XH 


HC 


H OCH 


X 


CH 


SH 


thioformamide 
(tautomeric form) 


C1CH 


chloroethanal 
(tautomeric (form) 


H C 3 5 C H 

thiazole. 


Thiazole is not attacked by concentrated nitric acid. The alkylthiazoles are oxidised 

by potassium permanganate, the ring system being ruptured with the formation of 
sulphuric acid. 

2-Bromothiazole is produced by the action of bromine on thiazole at 4 oo\ This 
reaction is similar to tlie bromination of pyridine (335). 

The thiazole ring occurs in aneurin, vitamin-2?, (345). 

Penicillin C 9 M„ 0 4 N 2 SR belongs to a group of important antibiotics (see 241, 254, 
335). Ihc structure of this compound lias been elucidated but the substance has not 
yet been synthesised. This substance is excreted by moulds. It was discovered in 1929 
by Fleming but was not then isolated. It was during the second world war that che¬ 
mists in England and in America succeeded, as a result of an all out effort, in produ¬ 
cing this substance in large quantities for combatting infectious diseases.’ 

Besides a tliiazolidine ring the molecule of penicillin contains a side-chain (R); 
this side-chain differs in penicillins from different sources (see Table 51). The formula 
I is now given to penicillin. 

Each of the penicillins gives by hydrolytic fission penicillamine and a pcnillo- 
aldehyde (III). 

Penicillamine C 6 H a 0 2 NS, was the first degradation product of penicillin to be ob¬ 
tained in a crystalline state. Its structure (II) has been confirmed by synthesis: 


(CH 3 ),C 


CHCOOH 


S\ 


I 


c(^c=o 

h ^h 


2H,0 


(CH,),C-CHCOOH 

I I 

HS NH, 

II 


+ 


H c ^ 


H 


O 

C — COOH 


I 


NHCOR 


NHCOR 

I 

0 =c —CH 2 —NHCOR 
H 

III 


The penilloaldehyde CH 3 CH 2 CH =CHCH 2 CONHCH 2 CHO was isolated in England 
from A 2 -pentenylpenicillin. The penilloaldehyde C 8 H 5 CH 2 CONHCH 2 CHO is derived 
from American penicillins. 

The penicillins are strong monobasic acids with p H — 2.9. They are resistant 
towards reducing agents but arc quickly broken down by oxidising agents. 



540 


FIVE-RING SYSTEMS WITH TWO HETERO-ATOMS 


CH. 12 


TABLE 51 


OBSERVED SIDE-CHAINS IN PENICILLINS 


Penicillin J 

Formula of side-chain 

Empirical formula 

A 2 -Pentenylpcnicillin 

ch 3 ch 2 ch =chch 2 — 

c 14 h»o 4 n 2 s 

A 3 - 


ch 3 ch =chch 2 ch 2 — 

c 14 h 20 o 4 n 2 s 

n- Pentyl 


ch 3 ch 2 ch 2 ch 2 ch 2 — 

C 14 H 22 0 4 N 2 S 

w-Hcptyl 


ch 3 ch 2 ch 2 ch 2 ch 2 ch 2 ch 2 — 

c 16 h 26 o 4 n 2 s 

Benzyl 

n 

C a H s CH 2 — 

c I6 h 18 o 4 n 2 s 

/>-Hydroxy benzyl 




penicillin 

HOC 6 H 4 CH 2 — 

CieHi80 6 N 2 S 


(Hi) PYRAZOLE AND ITS DERIVATIVES 

333. Many compounds are known in which the pyrazole ring system 
occurs. In synthesising these substances the ring nitrogen atoms are usually 
furnished by hydrazine or one of its derivatives. Knorr obtained the first 
derivative of pyrazole in 1883 starting from phenylhydrazine (247). 

The name pyrazole, which was suggested by Knorr, indicates that this 
compound may be regarded as having been derived from pyrrole by 
replacing one of the nuclear methine groups by an atom of nitrogen. 

Pyrazole C 3 H 4 N 2 , melts at 70° and boils at 185°. It has an odour similar 
to that of pyridine and is readily soluble in water, alcohol, ether and benzene. 

Method of preparation and structure. Pyrazole is produced by the action 
of hydrazine on 1,1-diethoxypropyne, the course of the reaction being repre¬ 
sented as follows: 


c 

II c 


CH 


OC 2 H 5 

+ NNH 

OC 2 H 6 


-C 2 H 6 OH + HC 


CH 

II 

N 


HC 


4 

II 

HCs 


CH 


H„N 


1 

N 

H 


s 

aN 


unisolated intermediate pyrazole. 


The structure follows from this method of preparation. 

Properties of pyrazole. This compound is a very weak mono-acidic base, 
which shows a neutral reaction in aqueous solution. Pyrazole resembles 
aromatic compounds more than pyrrole. It is stable towards alkaline per- 
manganate and can be sulphonated by fuming sulphuric acid and nitrated 
with nitric acid. The halogen atom in the monohalogeno-compounds can 
be made to react only with great difficulty. 

4-A mi no pyrazole, which is produced by reducing 4-nitropyrazole, can be 
c lazotised (245) like an aromatic amine; the diazonium compound couples 
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in the same way as aromatic diazonium compounds to give azo-dyestuffs (248) 
Derivatives of pyrazole are produced by the action of esters of acetylene 
carboxylic acids on diazoacetic ester (210) (Buchner): 


c 2 h s oocc 


X 


+ 


c.h 5 oocc 


CHCOOC.H 


C.HjOOCC-- jCCOOC 2 H 5 


2 1 1 5 


CjHjOOCCs 2 X 

H 


etI»yl pyrazole tricarboxylate. 

Homologues of pyrazole can be prepared by allowing hydrazine or one of 
its derivatives to react with 1,3-diones (146): 


H 3 CC—OH Ho x 

+ 

HCC= O H- X 


H 

N 


h 3 cc 5 1 2 x 


HCS-?CCH 


f 2H 2 0 


ch 3 

acetvlacetone 
(tautomeric form) 


3»5*dimethylpyrazoIe 


t is of theoretical importance that derivatives of pyrazole, in which a 
hydrogen atom in position 3 or 5 is substituted, are identical (Knorr, Vox 
Auwers). It must be assumed that the molecules of these compounds occur 
in tautomeric forms, which are interconvertible by the migration of a hydro¬ 
gen atom and a change in the positions of the double bonds: 


H,CC 


CH 


HC == CCH 3 


Xa t sCH 

X 

H 


HCa a iXH 

^X^ 


If the hydrogen atom on the nitrogen atom in position 1 is replaced by a 
phenyl group, two different compounds are produced, namely, 1 -phenyl- 
3~methylpyrazole and i-phenyl-ymethylpyrazole. When the phenyl group in 
these two compounds is eliminated (by oxidation), the same 3 or 5-methyl- 
pyrazole is produced from both compounds. 

Several important derivatives are derived from pyrazoline C 3 H 6 N 0 or 
dihydropyrazole, a liquid boiling at 144 0 . This compound is produced" by 
the action of hydrazine hydrate on acrolein (97): 


HC = CH, H,N 

I + | 

HC = 0 H a X 


H.O + 


h 2 c 7 

HC* 


CH 2 ' 

i>XH 

X 


Bcz 


HC 


HC 


= CH 

i>NH + sHBr. 

lx 


pyrazoline 


pyrazole 


When treated with bromine, pyrazoline is converted into pyrazole, the 
bromine acting as a dehydrogenation agent. 



542 


FIVE-RING SYSTEMS WITH TWO HETERO-ATOMS 


CH. 12 


Pyrazoline derivatives are also produced by the addition of ethyl diazo¬ 
acetate to esters of fumaric acid: 


h 5 c,oocch 

HjC.oocch 


H 

N\ HjCjOOCCj 1 2 N 

|| CHCOOCjHj —► | || 

N/ H 6 C 2 OOC C--‘CCOOC.Hj 

h^" 

triethyl pyrazoline 3.4,5'tricarboxylate. 


Pyrazolone C 3 H 4 ON 2 , melts at 163° and sublimes at a somewhat higher 
temperature without decomposition. This compound (II) is a keto-derivative 
of pyrazoline; substituted derivatives of this compound are easily obtained 
from, for example, ethyl acetoacetate and phenylhydrazine, which give 
i-phenyl-j-methylpyrazolone (I) (Knorr) : 


o 


h 2 ccoc 2 h 5 hnc,h 6 

'X + I 

HjCC^O H.N 


H * 9 r 


0 

1 


0 

II 


HC— 

ll 

—c 

iN c 6 H 6 - 

i II 

>nc,h 5 


h 3 cc— 

-NH 


1 


tautomeric form 




tautomeric form. 


The pyrazolones readily couple with diazonium salts to produce azo¬ 
dyestuffs which are of importance on account of their high light fastness. 

Dimethyiphenylpyrazolone C 11 H 12 ON 2 or antipyrine is produced by condens¬ 
ing ethyl acetoacetate with phenylmethylhydrazine: 


o 

ll 

HC — C —O C S H S HNC.H, HC- -C = 0 

II + I -> II >>nc,h, 

HjC-C -OH H NCH, H 3 CC-NCH, 

antipyrine. 

Antipynne is prepared commercially by methylating phenylmethylpyra- 

zolone. It is used in large quantities medicinally on account of its property 
as a febrifuge (Knorr 1884). 

Antipynne melts at 113 0 and distils in a high vacuum at 142°. It is readily 
soluble in water and in alcohol. The aqueous solution is coloured red by 
erne chloride. A bluish green 4-nitroso-derivative is produced by the action 
of nitrous acid, which can be reduced to 4-aminoantipyrine. 

y methylating 4-aminoantipyrine, 4-dimethylamino-2,3-dimethyl-i-phen- 
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ylpyrazolone or pyramidone (Stolz) is produced, which has an even greater 
therapeutic action than antipyrine. It melts at io8°: 


oxc 


h 3 cc 


2 h 2 

, 1 >XC e H i > 
-X CH, 


4-nitrososo-dcrivative 


HA'C-C 1=0 

|| >XC 6 Hj 

H 3 CC-XCH 3 

4 -amino-derivative 


(CH 3 ) 2 NC 

II 

h 3 cc 


CO 

>xc 6 h 

X CH o 


pyramidone. 


(iv) IMIXAZOLE OR GLVOXALIXE AX'D ITS DERIVATIVES 


324. The iminazole ring-system is present in various important compounds 
occurring in living organisms. 

Iminazole was obtained in 1865 by Debus by the action of ammonia on 
glyoxal and was therefore called glyoxaline. The elucidation of its structure 
came later, mainly from the researches of Radziszewski and Japp ( 1882 ). 
Hantzsch suggested the name iminazole in order to bring out the relation¬ 
ship as regards structure with oxazole and thiazole. 

Iminazole or glyoxaline C 3 H 4 N 2 melts at 90° and boils at 256°. It is very 

readily soluble in water and alcohol but difficulty soluble in ether; it is 

isomeric with and more basic than pyrazole; it forms salts which are stable 
in water. 

Preparation and structure of glyoxaline. A general method for preparing 
iminazole and its homologues consists in condensing glyoxal or a 1,2-diketone 
with ammonia and an aldehyde in aqueous alcoholic solution: 


HC=0 H, X H 

I + 

HC=Q H 2 X H 


» 




HC-CH 



+ 3H 2 0 


glyoxaline. 


Glyoxaline can easily be obtained from the nitrate ester of tartaric acid, 
formaldehyde and ammonia (Maquenne). The so-called dinitrotartaric acid 
is an unstable compound, which passes over in aqueous solution into dihy- 
droxytartaric acid with the elimination of nitrous acid. This compound is 
then converted into iminazole dicarboxylic acid, which breaks down into 
carbon dioxide and iminazole when heated to 300°: 


/OH 

HOOCC H,XH 

I^OH 

I/OH + + OCH 2 —> 5H 2 0 -f 

HOOCC H 2 NH 

\OH 


HOOCC = X 


CH 


HOOCC=N 


HC=N 

2C0 2 + I CH, 

HC=N 

I 


iminazole dicarboxylic acid 


iminazole. 
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According to this method of formation structure I should be assigned to 
iminazole. Two other methods of formulation are possible, however, namely: 

HC = CH 

I 4 *1 

N) »NH and 

H 
II 

N-alkylated derivatives are produced by the action of alkyl halides. 
From this it follows that formula II must be assigned to iminazole as I and 
III fail to explain this reaction. The atoms in the ring are numbered as shown 
in formula II. 

The N-alkyl-derivatives will add on a molecule of alkyl halide; a quaterna¬ 
ry ammonium salt is formed, which is decomposed by caustic potash with 
the rupture of the iminazole ring. Formic acid is produced and both the 
nitrogen atoms are split off in the form of primary amines. From this it 
follows that the quaternary salt must possess structure IV and not struc¬ 
ture V: 


h 2 c-CH 

N N 

H 

III. 


HC = CH 
CH,\| | 

N NCH, 

H 

IV 


HC==CH 

I l/'CH, 

N N—CH. 

'"'I 

H 

V. 


325. Derivatives of iminazole. The hydrogen attached to nitrogen is replac- 
able by metals. A colourless precipitate of silver iminazole C 3 H 3 N 2 Ag is 
produced with silver nitrate. 

The C-substituted derivatives of iminazole form coloured derivatives with 
diazonium salts (245). 

By the action of warm fuming nitric acid, iminazole is converted into a 

mononitro-derivative. Bromine reacts with an aqueous solution of iminazole 

giving 2,4,5- tnbromoimmazole, which possesses acid properties and gives a 

silver compound; it dissolves in dilute soda solution with the formation of 
a sodium salt. 

Histidine or 2(4 -iminazoyl)-i-aminoethane i-carboxylic acid is an impor¬ 
tant glyoxaline derivative occurring in urine, already discussed in (199): 


HC 

I 5 

HNi 


:=CCH,CHNH,COOH 
n aN 


« * 


histidine 


HC=r==C CHjCHjNH. 

r ‘i 

HNi aN 
H 


histamine. 
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The structure has been established by synthesis. Histidine gives a silver 
salt of the composition Ag 2 (C 6 H 7 0 2 N 3 ).H a 0 and a red dyestuff with an 
alkaline solution of diazobenzenesulphonic acid. These reactions may be 
used for detecting histidine. 

Histamine l-amino- S ( 4 '-i,ninazoyl)elhane or ^-( 4 -iminazuyl)-etliylamine 
which has already been mentioned in 199. occurs in ergot (secale cornutum) 
(Barger and Dale). Histamine melts at 84° and boils at 210° at iS mms 
It is produced by heating histidine to 270° when the latter compound is 

decarboxylated. 


A condensed ring system derived 
derivatives (347). The iminazole ring 


from iminazole occurs in the purine 
also occurs in some alkaloids (352). 



CHAPTER 13 


SIX-RING SYSTEMS WITH ONE HETERO-ATOM 

IN THE RING 


(t) PYRAN DERIVATIVES 


326. A ring formed from five carbon atoms and one oxygen atom, in which 
two double bonds are present between carbon atoms, is named the pyran 
ring J ). 

The simplest compounds containing this ring, 1,2-pyran or cx.-pyran and 
1,4-pyran or y -pyran are not yet known but their tetrahydro-derivatives are 
well known compounds. The anhydrides or internal ethers of 1,5-diols (111) 
may be considered as such. 


/—\ 

H C C H 

II I 

H C C H 
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x-pyran 
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HC 


CH 

II 

CH 


h 2 

Y-pyran 
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H, C 


CH, 


H a C 


CH 


HC‘ 1 *C=0 


c 

Ha 

tctrahydropyran 


hr 

H 


a-pyrone 


CH 


HC® 1 *CH 
hL . ’CH 


4 

c 

o 


ypyrone. 


Pyrones. Numerous compounds in which a ketopyran or pyrone ring occurs, 
are known. 2-Ketopyran, 1,2-pyrone or a -pyrone has been obtained synthetic¬ 
ally but is of little importance. 

4-Ketopyran, 1,4-pyrone or y-pyrone is not itself known but several of its 
derivatives are of great importance from a theoretical standpoint. 

Derivatives of y-pyrone. 2,6-Dimethyl-y-pyrone (IV) can be prepared from 
the copper compound of ethyl acetoacetate (148) and carbonyl chloride (150): 


h 3 cc=o 


0 = CCH s 


HC 

CjHjOOC^ 


;—C 11 — 
Cl+CI j 

c=o 


CH 

\ 

COOC s H 5 


CuCI a + 


C,H 6 OOC 



h 2 so 4 
->• 


COOC t H 6 


b The nomenclature “pyranoid sugars” for saccharides with a ring system of five 
carbon atoms and one oxygen atom (160) is not in accordance with the definition given 
above. Actually these sugars ought to be designated as derivatives of tetrahydropyran. 
The term “pyranoid” is in general use however as an abbreviation. 
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H 3 CC=0 0--:CCH 



> 


H HO 

H 3^C CCH 



CO 

III 


3 


O 


H 3 CC0 ‘ 2CCH 


H C 6 3 CH 

o 


IV. 


On treatment with dilute sulphuric acid, the reaction product I is degraded 

hydrolytically, so that with the elimination of two molecules of carbon 

dioxide, IT is produced, which then undergoes a tautomeric change to III and 

nally dimethyl-y-pyrone IV is produced by ring-closure with the elimina- 
tion of a molecule of water. 

2,6-Dimethyl-y-pyrone melts at i 3 i° and boils at 248 “ (713 mms.). Collie 

an . d iA IC j LE ^ §9 - 9 fOUnd that dlmeth ylpy r °ne forms crystalline compounds 
w‘th hydrochloric acid, nitric acid and oxalic acid, having the composition 

C 7 H 0 2 .HC 1 , C 7 H 8 0 2 .HN 0 3 , and (C 7 H 8 0 2 ) 2 H 2 C 2 0 4 , respectively, which are 

soluble in water and behave like salts derived from a very weak base and 

a strong acid. From measurements of the degree of hydrolysis of these salts 

it appears, that in water, dimethylpyrone has the properties of an extremely 
weak base. J 

These salts are to be considered as oxonium sails in which the tetravalent 

oxygen atom is bound by three homopolar bonds, while the fourth bond is 
heteropolar. 

Addition compounds of dimethylpyrone with methyl iodide are also known 
(Kehrmann). This methiodide (II) behaves like the salt of a strong base 
comparable with the quaternary ammonium salts. Therefore, the compounds 
were formulated as oxonium salts having the structures: 


1 

H “ 

I 

+ 


— 

CH, 

I 
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CCH, 
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II 
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II 
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+ 


1- 


11. 


It was found however, in 1910 by A. von Baeyer, that a pyridine deriv¬ 
ative (333), methoxyliitidine, was very easily produced by the action of a 
cold solution of ammonium carbonate on the addition product of methyl 
iodide and dimethylpyrone and on the basis of this fact, the following struc¬ 
ture was assigned to these oxonium salts: 
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H.CC CCH 3 

I II 

HC CH 

I 

OCHj 

mothoxy-Iutidine 



H.CC^ X CCH, 

I II 

HC CH 

^C^ 

I 

OCHj 

III 




o 


H 3 C C CH 

I II 

HC CH 




OH 

IV. 


ci- 


In formulae III and IV the distribution of the valency bonds is different 
from that of the bonds in y-pyrone. The ring-system occurring in III and IV, 
in which the distribution of the valency bonds is the same as in a benzene 
ring, is called a pyroxonium or pyrylium ring. The salts of dimethylpyrone 
are then called pyroxonium or pyrylium salts. 


Derivatives of benzpyran 

327. By benzpyran is understood a ring-system consisting of a benzene ring 
condensed with a pyran ring. The benzpyrans themselves are not known but 
many of their derivatives are well-known compounds. 

Benz-cf-pyrone is coumarin which has already been discussed in 269. 
Benz-'(-pyrone is called chromone because this atomic grouping occurs in 
the vegetable dyestuffs, the flavones (328). 

A compound in which a benzene ring is condensed with a hydrogenated 
y-pyran ring, i.e. benzdihydropyran, is called a chroman\ 



coumarin 



benz-y-pyronc or benzdihydropyran or 

chromone chroman. 


Chroman is readily produced 
water: 


from o-hydroxydihydrocinnamyl alcohol by eliminating 


a 


O H 


CH,CHjCHj OH 
o-hydroxydihydrocinnamyl alcohol 


O 



The structure of vitamin-YL or (x-tocopherol (III), (306), has been elucidated mainly by 
E. Ferniiolz, A. R. 1 odd, P. Karrer and their collaborators. 1,4-Dihydroxy-2,3,5,6- 
tetramethylbcnzene or tetramethylhydroquinone is produced by the thermal decom¬ 
position of a-tocopherol, C 8t >H 60 O 2 . 




FLAVOXES 
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This group of atoms is shown by a (lotted line in formula III By heati 
trimethylhydroquinone (I) with phytol (II) (95, in solution in decalin in the pr 


mg 



2t5.6- 

escnce 


1 ,4-dihydroxy- 
-»3»5»6-tetramethyl- 
benzenc 


of zinc chloride as a condensing agent, a compound is 
in chemical and physio logical properties to natural 
considered to be (//-a-tocophcrol (III): 


produced, which is very similar 
a-tocopherol and is therefore 



3 ^ 1 1 3 ^ I“l 3 CII 3 


CH, CH, CH 

C— (CH 2 ) 9 CH(CH 2 ) 3 CH(CH 2 ) 3 CH(CH 3 ) 2 
HOHjC —CH 


II 


ZnCI 2 

->■ 



CH, 


CH 


III 

(//-a-tocopherol 


This synthesis is not a strict proof of the presence of a chromane ring; other argu¬ 
ments can be brought forward however but is is not possible to go into them in this 
book. 

Synthetic a-tocopherol is racemic with respect to carbon atom 2. 


Flavones 

328. The colours of yellow flowers, roots and various kinds of woods are 
produced by colouring matters belonging to various classes. Yellow pigments 
of the carotenoid group have already been discussed in 308. Another group 
th 0. flavones (derived from flavus = bright yellow), which occur very widely 
distributed in nature, are derivatives of flavone, which may be considered 
as the parent of this group. 

These colouring matters occur in plants in the form of glucosides (179) 
combined with ^-glucose or /-rhamnose (163); sometimes they occur in the 
uncombined state. 

The flavones were investigated at the beginning of this century by v. Kostanecki, 
who worked out several syntheses for compounds of this group; later on A. G. Perkin 
carried out some important researches in this field. 

Flavone C 16 H 10 O 2 , a colourless compound melting at ioo°, which is very 
sparingly soluble in water but readily soluble in alcohol, occurs in the veget- 
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able kingdom as a white deposit on the leaves and flower stalks of various 
kinds of primula. 

The structure offlavone follows from the way this compound is decomposed 
with alkali. o-Hydroxydibenzoylmethane (I) is first produced, which then 
breaks down further giving salicylic acid (II) and acetophenone (III) along 
with benzoic acid (V) and o-hydroxyacetophenone (IV): 


o 



o ch 3 o 

II III iv v. 


Hence flavone is 2-phenylbenz-y-pyrone or 2-phenylchromone. 

Flavones can be prepared synthetically by a general method consisting of 
the condensation of o-methoxyacetophenone (VI) or one of its derivatives 
with an ester of an aromatic acid with the aid of sodium. 

Thus for flavone itself the synthesis may be represented as follows: 


o 



tautomeric form flavone. 


1 he colouring matters derived from flavone contain hydroxyl groups on 
carbon atoms 5 and 7 and sometimes on carbon atoms 3 # , 4' or 5'. Compounds 
also occur with methoxyl groups in place of some of the hydroxyl groups. 
The structure of the various flavones follows from the degradation products, 
which are formed by heating with alkali; thus 1,3,5-trihydroxybenzene and 
3,4-dihydroxybenzoic acid are produced from quercetin (v. Kostanecki). 
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In a number of cases the structure has been confirmed by synthesis. 
Some of these compounds are mentioned below. 



Chrysin C 15 H 10 O 4 , m.p. 275 0 , occurs in poplar 
buds. 



Luteolin C 15 H 10 O 6 , m.p. 329 0 , occurs in 
weld (reseda luieola). 


329. Flavonols. Some yellow vegetable dyestuffs, which are included in the 
flavone group, are derivatives of flavonol or 3-hydroxyflavone. The following 
are mentioned as examples: 



Quercetin C 15 H 10 O 7 , m.p. 314 0 . occurs in 
the form of a rhamnoside in the bark of 
the American oak (quercus tinctoria) and 
in horse chestnut leaves. 



Morin C 15 H 10 O 7 , m.p. 290°, occurs in a 
yellow wood, old fustic (chlorophora tinc¬ 
toria, Gaudich). 


The colouring matters belonging to the flavones and flavonols are yellow, 
crystalline compounds, which are soluble in dilute alkalis on account of the 
presence of phenolic hydroxyl groups and in dilute acids because they can 
form oxonium salts. The latter are decomposed by water. 

Luteolin was at one time an important dyestuff; quercetin and morin (quercitrin 
bark and old fustic) are still used as mordant dyestuffs (252, 283). The colouring matters 
in brazilwood (American species of caesalpinia) and logwood (haematoxylon campechi- 
nium) used in dyeing, are related to the flavonols. 


Benzpyroxonium compounds 

330. A number of compounds are known in which a benzene ring is condensed 
with a pyroxonium or pyrylium ring. These compounds have the properties 
of oxonium salts. They can form salts an account of their basic character. 
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The bcnzpyroxonium or benzpyrylium grouping has a similar structure to 
the pyrylium grouping in salts of dimethyl-y-pyrone (326). 

2-Phenylbenzpyroxonium or 2-phenylbenzpyrylium chloride, which is known 
also as flavylium chloride (I), was obtained by Decker and von Fellenberg 
by condensing salicylaldehyde and acetophenone in alcoholic hydrochloric 
acid: 



This yellow salt is very hydroscopic and decomposes in air. It gives a 
stable yellow double salt, C 15 H 11 OCl-FeCl 3 , with ferric chloride. The oxonium 
base derived from I is very unstable and has not been obtained in a pure 
state. 


Anthocyanins and anthocyanidins 

331. 1 he blue, purple, violet and red colours of flowers and fruits are caused 

by colouring matters dissolved in the sap, to which the name anthocyans 

(derived from greek words for flower and blue) was given long before their 

stiuctuie was known. Our knowledge of the chemical composition of these 

colouring matters is due in the first place to Willstatter (1913) and later 

on important researches in this field were carried out by P. Karrer, Sir 

Robert and G. M. Robinson. These colouring matters are glucosides, so 

that they are now known as anthocyanins or anthocyanosides. 

By heating for a short time with dilute mineral acids, one or more, usually 

two molecules of a monosaccharide (^-glucose, ^-galactose, /-rhamnose) are 

split off with the production of the free colouring matters. The latter are 
called anthocyanidins. 

It has been found that all the anthocyanidins contain the flavylium 
grouping (330). The three fundamental types are as follows: 



PelargotUdin chloride C, 5 H,OCI(OH) 4 . 

Cl 



II. Cyanidin chloride C ls H e OCl(OH) 4 . 

Cl 



OH CH 
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III. Delphinidin chloride Cj jH s O Cl(OH) 6 . 

Cl 



These structures follow from the fission products obtained from these 
compounds by fusion with alkali. Phloroglucinol (232) is produced from all 
three. The second fission product is ^-hydroxybenzoic acid from I. proto- 
catechuic acid from II and gallic acid (263) from III. The formation of these 
fission products is indicated in the above formulae by dotted lines. The 
structures have been confirmed by synthesis (P. Karrer, R. Robinson). 
Other anthocyanidins carry methoxyl groups in place of hydroxyl groups 
on one or more of carbon atoms 3', 4' or 5'. 


In the simplest anthocyanins the monosaccharide residue is attached to carbon 
atom 3. Karrer was able to demonstrate this by methylating the anthocyanin and 
determining the position of the free hydroxyl group in the methylated cyanidin 
obtained after removing the sugar residue by hydrolytic fission. 

In the diglucosides, the second glucose residue is attached to carbon atom 5. 
Robinson has prepared the colouring matter of wild mallow, malvin chloride, synthet¬ 
ically, it contains two glucose residues on atoms 3 and 5, two methoxyl groups on 
3 and 5 ' and two hydroxyl groups on 7 and 4'. 


The anthocyanins are soluble in water, methanol and ethanol and insoluble 
in ether, benzene and chloroform. In order to isolate these colouring matters 
from plants, the material is extracted with ethanol or methanol containing 
hydrogen chloride. On the addition of ether, the readily crystallisable 
chloride (oxonium salt) is precipitated and may be purified by recrystallis¬ 
ation from alcoholic hydrochloric acid. 

Since anthocyanins contain phenolic hydroxyl groups, they are soluble 
in alkalis; thus these colouring matters are amphoteric in character. The 
oxonium salts are usually red in colour and the phenates blue. The blue 
colour of the cornflower is due to the potassium, sodium, ammonium or 
calcium salt of the same colouring matter, which produces, as an oxonium 
salt, the red colour of the light red variety of red roses and red dahlias, 
namely, cyanin, i.e. the diglucoside of II. This substance is red in solutions 
having p H = 3.0 or less, violet at p n = 8.5 and blue at p H = n.o. The 
precise structure of the colour base, which is present at p H = 8.5, is not 
yet known with certainty. 


The anthocyanidins show strong selective absorption (13, 251) in the region of 
6000-2000 A. The maximum absorption lies in the visible spectrum and there is also 
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an absorption band at t 7 oo A. The extinction curve for a particular anthocyanidin is 
approximately the same as that for the corresponding anthocyanm. From this it follows 
that the colour of these compounds is determined by the flavylium part of the 

molecule. 

About twenty antliocyanins have been isolated from various plants. As a rule one 

particular plant contains a mixture of anthocyanins. 

The petals of the blue cornflower contain 0.75 % of cyanin, those of some deep red 
dahlias contain 20 % of this colouring matter and those of the dark blue viola even 
30 % (all calculated on dry petals) in the form of various salts. 

Pelargonin, the diglucoside of pelargonidin, is the colouring matter present in red 
pelargonium and orange-red dahlias. Deiphinin. a diglucoside of delphinidin, is the 
colouring matter in delphinium consolida and violanin, a rhamnoglucoside of delphi¬ 
nidin occurs in viola tricolore. 

Prom the structural formulae of the anthocyanidins and the flavonols, it appears 
that the latter may be regarded as oxidation products of the former. Possibly in 
the plant, colouring matters of either class may be converted into one another by 
oxidation or reduction. This has been accomplished chemically in the case of quercetin 
(329), which is converted into cyan id in by reduction with magnesium and hydrochloric 

acid. 

Catcchins. These compounds are crystalline colouring matters and occur in many 
kinds of plants. They are to be considered as hydrogenated derivatives of flavonols 

or anthocyanidins. 

1 - Epicatechin from acacia catechu is a chroman derivative (327), as appears from 
the formation of ^/-epicatechin by the catalytic reduction of cyanidin chloride 
(FREUDENBERG) : 


Cl 



cyanidin chloride 


Pt 


2H, 



epicatechin. 


The catechin from gambir (264) is probably stereoisomeric with epicatechin. 


(H) PYRIDINE AND ITS DERIVATIVES 

332. Pyridine C 5 H 5 N was discovered by Anderson in 1850 in “bone-oil" 
(314), and soon after, some of its derivatives were found in the decomposition 
products obtained by heating cinchonine (358) with potash. Pyridine occurs 
along with some of its homologues in coal-tar. It is a colourless liquid, with 
a spec. grav. of 1.0031 at o°, a boiling point of 115.5 0 and a melting point of 
—41.5 0 . It is miscible with water in all proportions, and possesses weakly 
basic properties; the aqueous solution reacts neutral towards litmus. It 
has an unpleasant odour. 
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Preparation of pyridine . Commercially pyridine is recovered from coal-tar To this 
end the light oil fraction (219) is extracted with sulphuric acid, which removes the 
pyndine bases as soluble sulphates. Soda is then added to the aqueous acid solution 
and a dark brown basic liquid separates, from which pyridine and its homolo'uies 
are obtained by fractional distillation. 


Structure of pyridine. This follows from the following synthesis. On heating 
the hydrochloride of 1,5-diaminopentane, piperidine (117) is produced and 
this compound can then be converted into pyridine in various ways, *.g. by 
passing it over heated platinum or palladium at 250° by which hydrogen is 
split off or by heating with concentrated sulphuric acid, which acts as an 


oxidising agent: 




H, 


Ho 



z 




H 

H 2 C 

1 

S CH, 

H 0 C C H 0 

| 1 


1 

HjC 

I 

CHj — 

■> NH 4 C1 -f h 2 C (!h 2 -> 

HC 

|| 

CH 

| 

1 

1 


HC 

CH 

H 2 N 

NHj 

H 


-N^ 

HC1 

HC1 

HCI 



1-5-diaminopentane 

hydrochloride piperidine hydrochloride 


pyridine. 


It may be assumed therefore that the same closed ring of atoms, consisting 
of five carbon atoms and one nitrogen atom, occurring in piperidine, occurs 
also in pyridine. This assumption is confirmed by the formation of pyridine 
from quinoline (337). Since pyridine has the characteristics of a tertiary 
amine, which is shown by the direct addition of methyl iodide, the nitrogen 
atom in pyridine carries no hydrogen atoms. 

By analogy with the structure of benzene, Korner (1869) and Dewar 
( i 87 i ) assumed the presence of alternate double and single bonds in the 
six-ring of pyridine. Subsequently it was found that in chemical properties, 
pyridine strongly resembles benzene. 


By the action of ozone on 2,3-dimethylpyridine or on 3,4-dimethylpyridine and 
decomposition of the reaction product with water, glyoxal, methylglyoxal and dimethyl 
glyoxal are formed (Wibaut and Kooyman). From this it follows that these dimethyl- 
pyridines can react according to the following two valency structures: 


H 

C 


HC 




C — CH 


and 


HC 


C—CH 


N 




H 

HC C—CH, 

I II 

HC C-CH,. 


In agreement with this fact it is assumed that the pyridine molecule is also a meso- 
meric form. 
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From the above structure for the pyridine ring it follows that three mono¬ 
substitution products are to be expected, viz. 2 = 6, 3 = 5 and 4: 


Br 



2 = 6 3 = 5 4- 


With identical substituents, six disubstituted products are to be expected, 
viz. 2,3 = 6,5; 3,4 = 5 . 4 ; 2,4 = 6,4; 2,5 = 6,3; 2,6 and 3,5. This agrees with 

the experimental results: 




The orientation of pyridine derivatives is more complicated than with 
benzene derivatives. On introducing a second substituent into a pyridine 
derivative already carrying a substituent in position 2, theoretically four 
isomeric disubstitution products can be produced, viz. I, III, IV and V. 
The same applies to the introduction of a second substituent into pyridine 
substituted in the 3-position, when I, II, IV and VI are produced. Only 
two isomers can be formed by introducing a second substituent into a 
pyridine derivative substituted in position 4. 

Hence, theoretically, it should be possible to decide whether one is dealing 
with a pyridine derivative substituted in the 4-position or with one carrying 
a substituent in either position 2 or position 3. Since, experimentally, the 
introduction of substituents into pyridine derivatives is in many cases very 
difficult and in some cases even impracticable, this method of orientation is 
seldom used. The carboxylic acids, which are produced from the homologues 
of pyridine, serve as the basis for orientation in this series. For this reason 
the homologues will be discussed before the products of substitution. 

Chemical properties of Pyridine. With acids pyridine forms salts which 
are usually readily soluble in water, the picrate, which can be used for 
purifying pyridine, is an exception however. 

The hydrochloride and other salts give double salts with various inorganic salts, e.g.: 


2(C 6 H 5 NH)C1 + K s PtCl 0 


(C*H 6 NH) a PtCl 6 + 2 KCI. 
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This chloroplatinatc, as well as the double salts with mercurk clilori le or ferrocv u i le 
may be used for precipitating pyridine and in this way isolating it. 

Pyridine is stable towards oxidising agents. It is not attacked by either 
alkaline permanganate, chromic acid or even boiling nitric acid. 

When pyridine is warmed with methyl iodide, pyridine melhiodide 
(C 5 H 5 NCH 3 )I, is produced. In this addition product, as in other ammonium 
iodides, the iodine atom may be replaced by hydroxyl by treatment with 
moist silver oxide with the formation of a (jiidtcrtuiry pyridiniinn bd$c 

If a solution of methylpyridinium iodide is made alkaline and then oxidised 
either electrolytically or with potassium ferricyanide, N -methylpyridone is 
produced (Decker). 

It is assumed that the methylpyridinium base is converted into a tauto¬ 
meric form, the pyridatiol base, which then forms the pyridone on oxidation : 


H 


C 


H C 


HC V 

JcH 

^X 

4. 

h 3 c 

OH- 



CH 3 ch 3 

unisolated pvridanol base X-methylpyridoue. 


A very remarkable reaction by which the pyridine ring is opened, v’as dis¬ 
covered by Zincke. Pyridine is warmed with i-chloro-2,4-dinitrobenzene 
(222) to form crystalline 2 .,^-dinitrophenylpyridinium chloride (I), since the 
chlorine atom in i-chloro-2,4-dinitrobenzene is very reactive: 



I has the properties of a quaternary ammonium salt and is soluble in water. 
When I is treated with sodium carbonate, the corresponding ammonium 
base (II) is produced as a red, crystalline compound from w'hich I may be 
regenerated by the action of hydrogen chloride in glacial acetic acid solution. 
However, when a solution of the ammonium base in dilute hydrochloric 
acid is warmed, 2,4-dinitroaniIine separates. The solution contains glutaconic 
dialdehyde, this can be detected by the addition of aniline, w'hen the red 
dianil of glutaconic aldehyde is precipitated. In this reaction the pyridine 
ring is opened by hydrolytic fission: 
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H 

C 


HC 


CH 



CH 

II 

O 



+ 

NH S 

C 


HC 


CNO, 


HC 


CH 


^C 

I 

NO a 

2 , 4 -dinitroaniline 


H 

C 


H a C 


CH 


HC CH 

II II 

o o 

glutaconic aldehyde 
+ 

2 C a H 6 NH 2 

H 
C „ 


h 2 c 

CH 

HC 

CH 

II 

II 

H 6 C 6 N 

NC,H 


dianil of glutaconic 
dialdehyde. 


Hydrogenation products of pyridine. By catalytic hydrogenation with 
platinum or palladium at slightly increased temperatures, pyridine is con¬ 
verted into piperidine (for the converse reaction see p. 555). This reaction 
is similar to the formation of cyclohexane from benzene. 

With pyridine and its homologues, the reduction may also be carried out 
with sodium and boiling alcohol (Ladenburg) : 



pyridine 


H 


H 8 C 


CH 


H 2 C CH, 
H 

piperidine. 


When pyridine is heated with hydroiodic acid at 300°, ring-fission as 
well as reduction occurs with the production of n-pentane and ammonia. 

Piperidine or hexaliydropyridine C s H n N, is a colourless liquid with an 
amine-like odour, which is miscible in all proportions with water. The 
aqueous solution colours litmus blue. Piperidine boils at 106.4°, melts at 
—10.5 0 and has d 2 4 ° = 0.861. It is a secondary base forming a nitroso-com- 
pound and well defined crystalline salts and double-salts. 

Piperidine reduces ammoniacal silver solution with the deposition of 
silver. The alkaloid piperine (354) is a derivative of piperidine. 

4-Pheny l-4'-carbethox y-spwo-bis piper illinium bromide is a remarkable compound 
from a stereochemical point of view: 
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Its nitrogen atom forms part of two piperidine rings and is attached with four 
homopolar bonds to carbon atoms; hence the bromide is a quaternary ammonium 
salt. If it is assumed, that the bonds around the nitrogen atom are distributed tetrahc- 
drally, the two piperidine rings must lie in planes which arc perpendicular to one other. 
The space model shows a similarity to that of a substituted allene (see 92) ; it is asym¬ 
metric so that the cation must occur in mirror-image forms. Actuallv this compound 
has been resolved into optically active forms by Mills. 

The structure of the bispiperidinium derivative is similar to that of spirocyclic 
carbon rings (292). 


Homologues of pyridine 

333. The pi colines C 6 H 7 N or methylpyridines, the lutidines C 7 H 9 N or dimethyl - 
Pyndines, the collidines C 8 H 11 N or In methylpyridines and the parvolincs 
C 9 H 13 N or tetrametliylpyridines are amongst the homologues of pyridine. 

These compounds can be obtained from coal-tar in which they occur to the extent 
of 0.05-0.1 % in all. Some occur also in distillates from Californian petroleum; 
dimethylpyridines and methylethylpyridines also occur along with other compounds 
in Dippel’s bone oil (314). 

Since the boiling points of isomeric homologues lie close together, some of these 
compounds are extremely difficult to obtain pure. 

Methylpyridines in which the methyl group is situated in positions 2 or 4, 
can undergo condensation reactions with aldehydes; methyl groups in the 
3-position cannot do this: 



pyridylethanol 2-ethylpyridine- 


Thus a-picoline condenses with formaldehyde to give pyridylethanol and 
when this alcohol is treated with hydriodic acid and then with zinc dust, 
2 -ethylpyridine is produced. 

Homologues with longer side-chains can be obtained from those with 
shorter chains by the method of Tschitschibabin. For this purpose, soda- 
mide is added to 2- or 4-methylpyridine and then an alkyl halide when the 
following reaction takes place: 
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N 


/A, ch 3 


• ^ 

/\-CH,X 



i- NaNHj 


4 - NH 3 


ch,ci A-ch.ch, 


4 - NaC 1 




a-picoline 


X/ 

2-ethvlpyridine. 


Mono-methylpyridines or picolines, 2- or a -picoline occurs chiefly in coal- 
tar; it is a colourless liquid boiling at 129 0 . 3- or ( 3 - picoline, is miscible with 
water in all proportions like 2-picoline and boils at I 43 °- 4 — or Y -picoline 
boils at 145 0 and is the least accessible of the isomers. 

On oxidation with potassium permanganate the picolines are converted 
/nto pyridine mono-carboxylic acids, viz. picolinic acid, nicotinic acid and 
iso-nicotinic acid respectively. (See page 565). 

Dimethylpyridines or lutidines and trimethylpyridines or collidines can be 
prepared by the Hantzsch synthesis. 

For the preparation of collidine, ethyl acetoacetate (148) is warmed with 
aldehyde ammonia (60) to give a condensation product, diethyl dihydrocolli¬ 
dine dicarboxylate ; this ester loses two atoms of hydrogen when heated with 
nitrous acid, giving diethyl collidine dicarboxylate : 


c, h 5 ooc h 

i; 

H,CC^ 


ethyl acetoacetate 
(cnol form) 


H,C H 

‘ \/ 
C 

H 

o 


OH HO 

H \ 

\ N / 


H CCOOCjH 5 

il 

yCCH 3 


ethyl acetoacetate 
(enol form) 


H 


acetaldehyde + 
ammoni a 


H a C 


CjHjOOCC 


II 


CH, 


C COOC + HNO, Cl H,OOC- X\-cOOC,H 5 

H,CC CCH, HaC— X 

H N 

diethyl dihydrocollidine diethyl collidine dicarboxyate 

dicar boxvlatc 


hydrolysis 

-» 

KOH 


KOOC 

h 3 c- 



potassium collidine 
dicarboxylate 



2,4,6-trimcthylpyridine. 
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After hydrolysing the ester with caustic potash, the potassium salt of 
collidine dicarboxylic acid is produced, which may be converted into symmet¬ 
rical collidine with the elimination of the carboxyl groups as carbon 
dioxide, by heating with lime. 

a -Lutidine or 2,6-dimethylpyridine is prepared in a similar way from 
ethyl acetoacetate, formaldehyde and ammonia. 


The fact that the carbon atom in the aldehytlic carbonyl group forms carbon 
atom 4 in the pyridine ring in this synthesis, is proved as follows. 

By the interaction of benzaldehyde, ammonia and ethyl acetoacetate there is 
produced compound I, from which compound II is formed by hydrolysis and oxidation 
with potassium permanganate and this compound is converted into III by distillation 
with lime: 



2 1 1 5 



COOH 
OOH 


II 

4-pl»enylpyridine 
tetra-carboxylic acid 


COOH 



III IV 

4 -phenyl pyridine pyridine 4 -car- 

boxylic acid or 
isonicotinic acid. 


A small quantity of a pyridine carboxylic acid (IV) can be obtained from III by 
long boiling with potassium permanganate solution. Hence the phenyl nucleus is 
disrupted rather more readily than the pyridine nucleus. This pyridine carboxylic 
acid is identical with isonicotinic acid, the structure of which has been definitely 
proved (336). 

Of the lutidines. 2,4- and 2,6-dimethylpyridine have been prepared synthetically; 
they boil respectively at 138° and 145 0 . 

2-Methyl-5-ethyl pyridine or aldchydecollidinc is the chief component of the pyridine 
bases produced by heating acetaldehyde ammonia (1 mol.) with paraldehyde (3 mols.) 
to 220 0 . It boils at 174 0 . 

Finally 4 -methyl~ 3 -ethylpyridine or ( 3 - collidine and 2-propylpyridine or conyrine 
should be mentioned. 


Orientation of pyridine derivatives 

334. The picoline boiling at 129 0 is 2-methylpyridine, as is apparent from 
the relationship between this compound and coniine an alkaloid (352) 
occurring in hemlock. When coniine C 8 H 17 N is distilled over zinc dust or is 
heated with silver acetate, a base, conyrine C 8 H 11 N, containing six less atoms 
of hydrogen, is produced. On oxidation with potassium permanganate, the 
latter compound gives picolinic acid. From this it follows that conyrine 
contains a pyridine nucleus and a propyl group as a side-chain: C 5 H 4 NC 3 H 7 
(Hofmann). Thus it is probable that coniine is a propylpiperidine. 

Ammonium iodide and w-octane are produced when coniine is heated to 
300 with hydriodic acid. The side chain must be a normal propyl group 
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therefore and must be situated in the 2-position in the piperidine ring, since 
only in this particular case can the molecule possess a normal chain of eight 
carbon atoms: 

H 


h 2 c 


n 


H 2 C CH, 
H 2 

coniine 


CHCH,CHjCHj reduction 


HI 


+ nh. 


h 3 c CH,CH.CH,CH, 

H 2 C CH, 

h 2 

M-octane. 


The structure of coniine has been confirmed by its synthesis by Ladenburg 
(1886). By heating a-picoline (I) with acetaldehyde he obtained methyU 
(. 2-picolyl)carbinol (II). By heating with hydrochloric acid, water was elimi¬ 
nated from this compound with the production of 2-propenylpyridine (III). 
This compound was reduced with sodium and alcohol when d 7 -coniine (IV) 
was produced. /-Coniine was obtained by resolving the tartrate and was 
found to be identical with natural coniine: 
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a-picoline methyl{2-picolyl)-carbinol 
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2-propenylpyridine 


CHCH,CH 3 

C ’ H ‘ 0H H,C CH, 

H j 
IV 

d/-coniine. 


As has already been proved, the side-chain in coniine is in the 2-position; 
therefore, a-picoline must be 2-methylpyridine and picolinic acid obtained 
by oxidising a-picoline must be pyridine 2-carboxylic acid. 

1 he structure of the two remaining pyridine carboxylic acids is given as 
follows: 

By oxidising quinoline, the structure of which is proved in 337, a pyridine 
dicarboxylic acid, quinolinic acid , is produced, which must therefore have 
the following structure: 


H H 



CH 

CH 


oxidation 
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C 



C 

C 


COOH 

COOH 


quinolinic acid. 



§ 334-335 


SUBSTITUTION PRODUCTS OF P V R I D I X F 


563 


On heating quinolinic acid, a molecule of carbon dioxide is easily eliminated 

with the production of a pyridine monocarboxylic which is not identical with 

picolmic acid. Hence this must be pyridine 3-carboxylic acid and is called 

nicotinic acid because it can be obtained by the oxidation of nicotine (355) 

The third pyridine monocarboxylic acid must then be pyridine-4-carboxylic 
acid; this is isonicotinic acid. 

The pyridine monocarboxylic acids can be converted into aminopyridines 

by the Hofmann reaction (78) ; in this way the structure of the aminopyri- 
dines is established. 


Substitution products of pyridine 


335. Various substituents can be introduced into the pyridine nucleus in 
the same way as into the benzene nucleus; as a rule, however, substitution 
in the pyridine nucleus takes place with much greater difficulty. 

Pyrtdine-sulphomc acids. 3 -Pyridinesulphonic acid is produced by heating 
pyridine sulphate with fuming sulphuric acid at 300°. 


When mercuric sulphate is added to the mixture, the reaction takes 

lower temperature and a mixture of 2- and 3-pyridinesulphonic acids is 
(Wibaut 6 c Van Gastkl). 


place at a 
prod need 


Nitropyridines (C 6 H 4 N)N 0 2 . 3 -Nitropyridine is produced when pyridine 
is heated with oleum and potassium nitrate at 330°. When the reaction is 
carried out at 450°, 2 -nitropyridine is produced (Den Hertog andOvERHOFF). 
The yields are very small however. 

Halogenopyridines (C 5 H 4 N)Hal. In the bromination of pyridine, tempera¬ 
ture has a great effect on the position taken up by the entering bromine 
atoms. By the action of bromine on pyridine in the vapour-phase at 300°, 
a mixture of 3-bromopyridine and 3,5-dibromopyridine is produced; when 
the reaction is carried out at 500°, 2-bromopyridine is formed along with 
2,6-dibromopyridine (Wibaut and Den Hertog); in the chlorination of 
pyridine vapour again the chlorine atom may enter position 2 or positions 
3 and 5 depending on the temperature (compare similar phenomena in the 
bromination of halogenobenzenes and naphthalene 272, 281). 

Halogen atoms substituted in positions 2 or 4 in the pyridine nucleus may 
be replaced by other groups of atoms; on the other hand, halogen atoms 
substituted in the 3-position are much more difficult to replace. They are 
comparable with halogen atoms attached to the benzene nucleus. 

Aminopyridines (C 5 H 4 N)NH 2 . 2 -Aminopyridine, melting at 5 y°, is obtain¬ 
ed by heating 2-chloro- or 2 -bromopyridine with ammonia. An important 
method of preparing 2-aminopyridine is by heating pyridine with sodamide 
in toluene solution (Tschitschibabin and Seide): 
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N 



pyridine 


NaNH* 







2-aminopyridine 


+ NaOH. 


2-Aminopyridine is of importance for the preparation of sulphapyridine, used in 
medicine against infectious diseases caused by streptococci. It has a similar action 

to Prontosil (254): 



N 


NH—SOjC # H 4 NH 2 


sulphap>Tidine. 


yAminopyridine is produced by reducing 3-nitro-pyridine. It can however 
be prepared by heating 3-bromopyridine to 200° with aqueous ammonia con¬ 
taining copper sulphate as a catalyst. 3-Aminopyridine melts at 64°; it 
reacts with nitrous acid in hydrochloric acid with the formation of a diaz- 
onium salt which has similar properties to the diazonium salts from aroma¬ 
tic amines (236). Under these conditions no diazonium salts are produced 
from 2- and 4-aminopyridines, which are directly converted into the corres¬ 
ponding hydroxypyridines. 

4-A minopyridine, melting at 158°, can be obtained by the reaction of 
Konigs and Greiner. 

Pyridylpyridinium dichloride (I) is produced by the action of thionyl 
chloride SOCl 2 on pyridine at ordinary temperatures. In this reaction the 
thionyl chloride acts as a dehydrogenating agent. By hydrolytic fission, 
which is best carried out by heating with concentrated ammonia at 150°, I is 
converted into 4-aminopyridine and glutaconic dialdehyde (cf. p. 558): 
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CH 
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glutaconic dihaldehyde 
+ 

NH t 

/* 



pyridylpyridinium dichloride 


4-aminopyridine. 


Hydroxypyridines C 6 H 4 N (OH). 2- and 4-Hydroxypyridines can be prepared 
from the corresponding aminopyridines. 3-Hydroxypyridine can be obtained 
by fusing pyridine-3-sulphonic acid with caustic potash. The hydroxypyrid- 
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ines are readily soluble in water and they give metal compounds with alkalis, 
which are similar to the phenates (229). 

The pyridine monocarboxylic acids (C 5 H 4 N)COOH are obtained by oxidis¬ 
ing the appropriate picolines. Picolinic acid or pyridine 2-carboxylic acid 
melts at 139 0 , is easily soluble in water and alcohol but is sparingly soluble 
in ether and chloroform. Nicotinic acid or pyridine 3-carboxylic acid melts 
at 229 0 and is readily soluble in hot water and hot alcohol but difficulty 
soluble in ether. Isonicotinic acid or pyridine 4-carboxylic acid melts at 317 0 , 
is sparingly soluble in cold but readily soluble in warm water and practically 
insoluble in boiling alcohol. 

These acids are amphoteric in character, i.e. they form salts with acids 
on the nuclear nitrogen atom but react also with bases to give salts of 
carboxylic acids. 

Nicotinic acid and nicotinamide C 5 H 4 NCONH 2 are of importance in bio¬ 
chemistry ( 306 , 351 ). 


Nicotindiethylamide is known under the name of coroutine and is used in medicine 
as a substitute for camphor preparations; it is soluble in water: 


N 



nicotinamide 




nicotindiethylamide. 


Pyridine dicarboxyhc acids C 5 H 3 N(COOH) 2 . The dicarboxylic acids are frequently 
met with amongst the oxidation products of alkaloids and quinoline derivatives and 
they are of importance in determining the structure of these compounds. 

Quinolinic acid or pyridine 2,3-dicarboxylic acid melts at 175-190° and is prepared 
from quinoline ( 337 ). 

Cinchomeronic acid or pyridine 3.4-dicarboxylic acid melts at 258° and is prepared 
from either quinine or cinchonine (35®)* Lutidinic acid or pyridine 2,4-dicarboxylic 
acid melts at 250° and is prepared from 2,4-lutidine. 

Pyridine tricarboxylic acids C s H 2 N(COOH) 3 . Berberonic acid or pyridine 2,4,5- 
tricarboxylic acid, melting at 243 0 , is produced from the alkaloid berberine. Carbocin- 
chomeronic acid or pyridine 2,3,4-tricarboxylic acid melts at 250° and is produced 
from quinine and cinchonine. 

All pyridine carboxylic acids, that have a COOH-group in an a-position, give a yellow 
colour with a solution of FeS 0 4 . 


Vitamin-B 6 , pyridoxin or adermin 

336 . Pyridoxin is a biochemically important derivative of pyridine, which protects 
the body against dermatitis and promotes growth. The structure of this vitamin 
was elucidated by Kuhn and definitely proved by a synthesis carried out by Harris 
and his collaborators (1939). 
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The starting materials are ethoxyacetylacetone and cyanacetamide from which 
3-cyano-4-ethoxymethyl-6-methyl-2-pyridone (I) is produced on the addition of piperi¬ 
dine (332): 
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IX. 


By heating I with fuming nitric acid it is converted into a nitro-compound (II), 
which forms a chloronitro-compound (III) on treatment with phosphorus penta- 
chloride. After catalytic reduction in a two stage process, compound V is produced 
and the hydrochloride of this compound (VI) is converted into the hydroxy compound 
(VII) by treatment with nitrous acid. Treatment with 48 % hydrobromic acid pro¬ 
duces VIII, which affords the hydrochloride of pyridoxin (IX) by the action of silver 
chloride and water; the free base is identical with naturally occurring vitamin-B,. 


Quinolines 

337. The pyridine nucleus can be condensed in or^o-positions with a ben¬ 
zene nucleus in two different ways, viz: 

N 

7 II 1 

vV 

1 11 

quinoline iso-quinoline. 

A large number of derivatives can be derived from these quinolines. 
Quinoline C 4 H 7 N was obtained in an impure state in 1842 by Gerhardt 
by distilling cinchonine (359) with caustic potash solution. The name quinol¬ 
ine is derived from this method of formation from the cinchona alkaloids. 
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The compound also occurs in very small quantities, mixed with its homo- 
logues, in coal-tar. Quinoline is a weak tertiary base insoluble in water. 
It has a sharp odour, forms salts with acids, boils at 237 0 and melts at —15.6°. 

Structure of quinoline. This is proved 1, by Konig’s synthesis, in which 
allylaniline vapour is passed over red-hot lead oxide: 
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2, by reduction of o-nitrocinnamaldehyde when the initial product is 
o-aminocinnamaldehyde, which is converted into quinoline with the loss 
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quinoline. 


of a molecule of water. From these syntheses it follows that quinoline is an 
oj^/zo-substituted benzene. The structure of the ring containing nitrogen 
follows from the oxidation of quinoline to the dibasic quinolinic acid (335) 
from which pyridine is produced by distillation with lime. 

From this it follows that quinoline contains a pyridine nucleus and a 
benzene nucleus having two carbon atoms in ortho-positions in common. It 
may be regarded as being derived from naphthalene by replacing one of the 
CH-groups in the i-position by N. 

Quinoline and its homologues can be prepared in various ways. 

1st By the Skraup synthesis. 

A primary aromatic amine with a free o^/zo-position is heated with an 
aromatic nitro-compound corresponding with the amine, glycerol and con¬ 
centrated sulphuric acid. Acrolein is produced by the action of concentrated 
sulphuric acid on glycerol and it is assumed that this substance forms an 
addition product with the aromatic amine, which is converted into dihydro¬ 
quinoline with the loss of water. The latter is then oxidised to quinoline by 
the aromatic nitro-compound, which is, in its turn, reduced to the corres¬ 
ponding amine. 

In this way, quinoline is prepared from aniline, glycerol and nitrobenzene: 
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hypothetical dihydroquinoline 


H H 
quinoline 


aniline. 


Other mild oxidising agents such as arsenic oxide may be used instead of 
nitrobenzene. The synthesis may be carried out also with substituted anilines. 

2nd By the Dobner-Miller synthesis. 

This synthesis can be used only for homologues of quinoline. A primary 
aromatic amine is heated with two molecular proportions of an aliphatic 
aldehyde and concentrated sulphuric acid. The two molecules of aldehyde 
probably combine to form an aldol, which loses a molecule of water and 
is converted into the i,2-unsaturated aldehyde. The latter then condenses 
with the aromatic amine giving a derivative of dihydroquinoline, which is 
converted finally into a mixture of the corresponding quinoline and tetra- 
hydroquinoline, thus: 


2CH3CHO-► CHjCHOHCH.CHO -> CH,CH=CHCHO. 



hypothetical product 


N 


NH 



3rd By the Friedlander synthesis. 

o-Aminobenzaldehyde is condensed in an alkaline medium with an alde¬ 
hyde or a ketone having a methylene group next to the carbonyl group: 
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o-aminobenzaldehyde butanone 2 , 3 -diinethylquinoline. 

The number of isomeric substitution products of quinoline is very large. 
Seven monosubstitution products are possible because none of the seven atoms 
of hydrogen are situated in equivalent positions with respect to the nitrogen 
atom. The number of disubstitution products carrying like substituents is 21. 

Orientation of substituents. This can be done by three methods, viz. by 
relative orientation (217), by oxidation and by the Skraup synthesis. In 
the second method, the pyridine ring remains intact, so that it may be 
determined which substituents are present in the benzene nucleus and which 
in the pyridine nucleus. When a substituted aniline is used in the Skraup 
synthesis, the substituents in the resultant quinoline derivative are present 
in the benzene nucleus; incidentally, in the case of ortho- and /wa-substitut- 
ed anilines the position of the substituent in the resultant quinoline, is 
definitely established. 

Only an 8-substituted quinoline (I) can arise from an or/ 7 /o-substituted 
aniline: 



Only a 6-substituted quinoline (II) can result from a ^^-substituted 
aniline. But two quinolines (III) and (IV) can be produced from a meta- 
substituted aniline, so that all four possible quinoline derivatives with 
substituents in the benzene ring can be obtained by the Skraup synthesis: 



Hydrogenation products of quinoline. On hydrogenation, hydrogen is first 
of all taken up by the pyridine ring independently of how the reduction 
is carried out, so that tetrahydroquinoline is produced. This is a powerful 
secondary base boiling at 248°. 

On further reduction with a nickel or palladium catalyst the benzene ring 
also is hydrogenated and decahydroquinoline is produced. This compound 
has all the characteristics of a secondary aliphatic amine; it melts at 48° 
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and boils at 204° at 714 mms. Two unlike asymmetric carbon atoms occur 
in the molecule; from the possible isomers two mirror image forms have 
been obtained with [a]o = ± 4 - 5 ° : 
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tetrahydroquinoline decahydroquinoline. 


Homologues of quinoline, a- or 2-Methylquinoline or quinaldine is produced from 
aniline and acetaldehyde by the Dobner-Miller synthesis. It boils at 246-2487755 

mms. 

The hydrogen atoms in the methyl group in the 2-position are reactive like those 
in the 2-methylpyridines; quinaldine can undergo condensation reactions with 

aldehydes. 

Quinoline Yellow is a dyestuff derived from quinaldine; it is produced by condensing 
phthalic anhydride with quinaldine in presence of zinc chloride, sulphonating the 
product and converting it into the sodium salt. 

y- or 4-Methylquinoline or lepidine was first observed amongst the decomposition 
products from quinine alkaloids. It boils at 258—260774 2 mms. The hydrogen atoms 
in the methyl group are reactive. 

A number of methyl derivatives of quinoline like 2,3-dimethyl-, 2,4-dimethyl,- 
2,8-dimethyl-, 2,4,8-trimethyl-quinoline and others, have been isolated from distillates 
from Californian petroleum. 


Substituted quinolines 

338. Hydroxyquinolines or quinolones. Of these compounds, 2- or a-hydroxy- 
quinoline or carbostyril has been studied very exhaustively because it occurs 
in tautomeric forms: 


CH CH 



It melts at 200° and has the properties of a phenol, namely, it is soluble 
in caustic alkali solution and is reprecipitated from the alkaline solution 
by carbon dioxide. 

Carbostyril was first obtained by reducing cis-o-nitrocinnamic acid; the 
initial product is aminocinnamic acid from which a molecule of water is 
eliminated (Chiozza 1852). The structure follows from this synthesis: 
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CH 


Quinoline carboxylic acids. Cinchoninic acid or Quinoline 4- carboxylic acid 
and its 6-methoxy-derivative, quininic acid, are of importance on account 
of their relationship with the alkaloids cinchonine and quinine (358), from 
which they are produced by oxidation: 


N 



cinchoninic acid 


N 



coon 

quininic acid. 


On distillation with lime, these acids are converted respectively into 
quinoline and 6-methoxyquinoline. The position of the carboxyl group in 
cinchoninic acid is established by oxidative degradation to pyridine 2,3,4- 
tricarboxylic acid. 


The alkohalides of quinoline, quinaldine and lepidine are the starting materials for 
the preparation of an important group of dyestuffs to which the cyanine and iso- 
cyanine dyes belong (Williams, Hofmann, Hoogewerff and Van Dorp, ICoNicet 
al.). These dyestuffs are used as sensitisers in the manufacture of panchromatic 
photographic plates and films. 

Cyanine Blue is produced by the action of caustic alkali solution on a mixture of 
lepidine ethiodide and quinoline etliiodide; the latter compound is first of all converted 
into a pseudo-base, which is oxidised in presence of air to a qiiinolone, which then under¬ 
goes condensation with lepidine ethiodide: 
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quinoline methiodide 
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lepidine methiodide 


Cyanine Blue. 


Iso-cyanine dyes are red in colour. They are produced when a methyl group in 
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the 2-position in a quinoline derivative reacts. Ethyl Red. for example, is produced 
from quinaldine ethiodide and quinoline ethiodide: 




+ J- 
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\C t H 8 



NC,N S 


Isoquinoline 

3JO. Isoquinoline C 9 H 7 N, occurs in coal-tar in smaller amounts than 
quinoline ■ it was isolated from this source by Hoogewerff and Van Dorp 
in the form of a sparingly soluble sulphate (1885). These investigators also 
established its structure. Isoquinoline is a stronger base than quinoline; 
it melts at 24.5 0 and boils at 243 0 . It forms quaternary salts with alkyl halides. 
By oxidising isoquinoline with potassium permanganate, phthahc acid and 
cinchomeronic acid (336) are produced: 



isoquinolinc 


HOOC 
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and 


cinchomeronic acid 


a COOH 

COOH 
phthalic acid. 


The isoquinoline ring occurs in several alkaloids (361). 


Dibenzopyridines 

340. The pyridine ring can be condensed with two benzene rings in different ways: 



N 


acridine 

linear condensation 



phcnanthridine 
angular condensation. 


In this book discussion must be limited to acridine or linear dibenzpyridine. 
Acridine C 13 H 9 N occurs in small quantities in coal-tar (Graebe and Caro 1870). 
The name is derived from the irritant action which this substance exerts on the 
skin. The structure follows from the formation from diphenylamine and formic acid 
by heating with zinc chloride. The yield in this reaction, however, is very low: 




+ 2 H a 0 . 
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This structure is confirmed by oxidising acridine with potassium permanganate 
when quinoline 2,3-dicarboxylic acid (I), which gives quinoline (II) on heating with 
lime, is obtained: 



Acridine melts at 108 0 , easily sublimes, is volatile in steam and l>oils at 346°. It 
is sparingly soluble in water but readily soluble in alcohol and ether. Dilute solutions 
show a blue fluorescence. Acridine gives salts with strong acids, which are partly 
decomposed by boiling with water. The acridine ringsystem occurs in a number 
of dyestuffs. 

Tclramcthyl-3,6-diaminoacridine or Acridine Orange, which is prepared from i-amino- 
3-(dimethylamino)-benzene (I) and formaldehyde, may be mentioned. In this case, 
a dihydro-derivative of acridine (II) is first produced and is converted by atmospheric 
oxidation into the dyestuff (III), which is isolated as the zinc chloride double salt and 
is used for dyeing cotton and silk: 



Acridine Orange. 


The methochloride of 3,6-diaminoacridine is used under the name of trypaflavin 
as a disinfectant in the treatment of wounds and for combatting streptococcal and 


staphylococcal infections (P. Ehrlich 

and 

Benda) : 
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SIX RING-SYSTEMS WITH TWO HETERO-ATOMS 

IN THE RING 


(*) THIAZINE DYESTUFFS 

341. Compounds, in which a six-ring formed from four carbon atoms, a sulphur atom 
and a nitrogen atom, condensed with two benzene rings occurs, are of importance 
because the so called dibenzoparathiazine dyestuffs, which at one time found wide 
application for dyeing cotton, belong to this class. 

Dibenzoparathiazine, which is generally called thiodiphenylamine, because it is 
prepared by heating diphenylamine (I) with sulphur in the presence of aluminium 
chloride or ferric chloride as catalyst, has the structure (II): 


I II. 

Thiodiphenylamine melts at 180° and boils at about 371 0 ; it is very sparingly 
soluble in water. Methylene Blue, a dyestuff which is used for dyeing cotton (Caro 
and Bernthsen 1870), is a derivative of thiodiphenylamine. 

Methylene Blue is produced by the so-called “thiosulphate process” in which a 
mixture of dimethyl-p-phenylenediamine and dimethylaniline is oxidised, usually 
with potassium bichromate, in the presence of sodium thiosulphate and zinc chloride. 
The process takes place very smoothly although the following stages are involved: 
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leuco-metkylene blue. 
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The dyestuff is eventually formed by oxidising the leuco-compound in acid solution. 
Methylene Blue chloride crystallises with three molecules of water of crystallisation 
as C 16 H 18 N 3 SC1.3H 2 0. It is readily soluble in cold water to a deep blue solution. 
Methylene Blue can be easily reduced, c.g. with sodium hydrosulphite in alkaline 
solution, to give colourless leuco-methylene blue: 



HC 1 . 


Methylene Blue is much used in microscopic investigation on cells and tissues; 
certain parts of animal tissues, particularly nerve tissue, is deeply stained, while 
other parts remain uncoloured. 


(li) DIAZINES 


342. The three ring-systems forming the basis of this class of compounds 
contain two nitrogen atoms in the ring: 



N 


pyridazine or 
1 , 2 -diazine 



N 

pyrazine or 
1 , 4 -diazine 



pyrimidine or 
1 , 3 -diazine. 


Pyridazine, C 4 H 4 N 2 , can be obtained by the action of hydrazine on the dialdehyde 
of maleic acid: 




pyridazine. 


It is a basic liquid immiscible with water, boiling at 205° and possessing an odour 
similar to that of pyridine. The pyridazines are of little importance. 

Pyrazine C 4 H 4 N 2 can be obtained by treating the hydrochloride of aminoacetalde- 
hyde with alkali and mercuric chloride. The free aminoacetaldehyde (I) condenses 
in the alkaline medium to a dihydropyrazine (II), which is oxidised by the mercuric 
oxide to pyrazine (III): 
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Pyrazine sublimes very easily; it melts at 52-53° to a colourless, highly refractive 
liquid boiling at 116 0 . It is readily soluble in water and alcohol and forms a hydrochlor¬ 
ide C 4 H 4 N a *HCl with hydrochloric acid. It is oxidised by permanganate at ordinary 

temperatures. , . . 

Hexahydropyrazine C 4 H 10 N 2 or piperazine (m.p. 104 , b.p. 145 ) is produced in low 

yield by heating the hydrochloride of 1,2-diaminoethane (ethylenediamme): 
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piperazine hydrochloride. 


The ketopiperazines, derivatives of piperazine, have been discussed in the section 
dealing with amino-acids (see 203). 


Cyclic imine 


Ditnetheneimine (etheneimine or ethyleneimine, a cyclic imine) is not produced by 
heating the above-mentioned salt of diaminoethane, just like ethene oxide cannot 
be obtained by abstracting water from ethanediol (ill). As in the formation of ethene 
oxide from chlorcthanol, so dimetheneimine can be formed by the action of potassium 
hydroxide on i-bromo-2-aminoethane: 

CH 2 Br CH,\ 

+ KOH —► | NH + KBr + HjO. 

C HjNH 2 CH,/ 

Dimetheneimine is a volatile aminoniacal base (b.p. 56°), which is readily decomposed 
by water. 

Trimetheneimine (1 trimethyleneimine ) (b.p. 63°) is produced in low yield by heating 
1 ,J-d iaminopropane hydrochloride : 

/CHjNHjHCl /CH,\ 

CH, —>■ CH, NH-HC1 + NH 4 C1 

\CHjNH,HCl \CH,/ 

trimetheneimine hydrochloride. 

Dimetheneimine and trimetheneimine are converted into the corresponding chloro- 
amines when evaporated down with hydrochloric acid, the ring being opened: 

CH,\ 

| NH + HC1 -> CICHjCH.NH;. 

CH,/ 

On the other hand, tetrametheneimine or pyrrolidine (314) and pentametheneimine 
or piperidine (332) are stable compounds. Similar reactions occur with these cyclic 
imines as with the alkene oxides (ill). 
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(a) Quinoxalines 

343 - A number of ring-systems are known in which a pyrazine-ring condensed with 
a benzene-ring occurs. 1'hese are called quinoxalines and have been mentioned already 
in 238. Quinoxaline itself is produced from o-diaminobenzene (I) and giyoxal (II): 



(b) Phencizines 


Some important dyestuffs are derived from phenazine, in which a pyrazine ring 
is condensed with two benzene rings: 



In this connection, the safranine dyestuffs may be mentioned. These compounds, 
used for dyeing cotton and silk, are diamino-derivatives of N-phenylphenazonium salts. 

By oxidising a mixture of 1 mol. of p-phenylenediamine and 2-mols. of aniline 
with a warm neutral solution of potassium bichromate, yellowish red phenosafranine (I) 
in which a £ara-quinonoid ring occurs, is produced. It is not yet known what inter¬ 
mediate products are formed in this very peculiar method of formation: 
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The hydrochloride with an oW/.o-quinonoid structure is shown in II 
Derivatives of phenosafranine in which the hydrogen atoms m the ammo-groups 
are replaced by alkyl groups or in which the benzene nuclei carry substituted methyl 

groups, are also used as dyestuffs. 


(c) Pyrimidine and its derivatives 


344. The pyrimidine group is of very great importance because this ring- 
system occurs in a number of compounds, which are distributed throughout 
the animal and vegetable kingdoms, including the purine derivatives (347), 
fission products of nucleic acids (349)* vitamin-(345) and vitamin -£ 2 (350). 

The grouping >n— c—n< occurs in the pyrimidine ring and also in 

urea (151) and the amidines (78). The latter compounds may be used there¬ 
fore in the synthesis of pyrimidine derivatives. 

By warming urea with ethyl sodium malonate in alcoholic solution, malonyl - 
urea or barbituric acid, which may be regarded as a triketo-derivative of 
hexahydropyrimidine, is produced: 
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barbituric acid (enol-form) 
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malonylurea 

(keto-form). 


Barbituric acid is sparingly soluble in water, decomposes on melting, is 
a stronger acid than acetic acid and behaves like a mono-basic acid. 

On the other hand, diethylbarbituric acid has only very feeble acid 
properties; the acid character of barbituric acid must therefore be ascribed 

to enolisation of the grouping —CH 2 —CO- > —CH=COH— as shown 

in II. 

Barbituric acid can also be considered as the itreide of malonic acid, a 
ureide being a derivative of urea in which one hydrogen atom in each of 
the two NH 2 -groups is replaced by an acyl radical. 

The bonds between the —NH— and —CO— groups in barbituric acid 
are easily broken by alkaline hydrolysis; on boiling with alkalis, ammonia, 
carbon dioxide and an alkali malonate are produced: 
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In barbituric acid, as in malonic acid, a methylene group is situated between two 
carbonyl groups so that the hydrogen atoms in this methylene group become very 
reactive. Thus isonitrosobarbituric acid or violunc acid is produced by the action of 
nitrous acid on malonylurea: 


HN CH* 
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O —c c = o 

H 

violuric acid 


This compound is colourless but its metallic salts are deeply coloured. A blue and a 
red potassium salt, a violet barium salt, a red and a deep yellow lithium salt, for 
example, are known. No satisfactory explanation for the colour of these salts has 
yet been given. 

Diethylbarbxtunc acid, C 8 H 12 0 3 N 2 , which is used under the name of Veronal as a 
soporific (E. Fischer and von Mering) is obtained by condensing an ester of diethyl- 
malonic acid with urea in alcoholic solution with the help of sodium ethylate. 

Several other derivatives of barbituric acid substituted on the carbon atom are used 
as soporifics, e.g. diallylbarbilunc acid or Dial : 



diethylbarbituric acid or Veronal. 
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diallylbarbituric acid or Dial. 


Pyrimidine. By the action of phosphorus oxychloride on barbituric acid, 2,4,6- 
-trichloropyrimidine is produced, which can be reduced to pyrimidine with zinc dust 
(Gabriel). It may be assumed in this reaction, that the barbituric acid reacts in a 
tautomeric form as trihydroxypyrimidine: 
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trihydroxypyrimidine 2,4,6-trichloropyrimidine pyrimidine. 


Pyrimidine melts at 20-22°, is colourless and boils at 124 0 ; the liquid is miscible 
with water and has a neutral reaction. 
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2, 6 -Dihydroxy pyrimidine or uracil (I), its methyl derivative, thymine (II) and 
cytosine (III), an aminohydroxypyrimidine, are fission products of nucleic acids (349): 
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Uracil can be prepared synthetically from malic acid and urea by the action of 
fuming sulphuric acid. It must be assumed that formylacetic acid is first of all pro¬ 
duced from the malic acid and this then combines with urea to form a pyrimidine ring: 
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Thiamin, aneurin or vitamin- 

345. The structure of this compound (306) has been established by the researches of 
R. Williams and his collaborators and has been confirmed by synthesis. 

By treating thiamin hydrochloride C, 2 H 18 ON 4 Cl 2 S with an aqueous solution of 
sodium sulphite and sulphurous acid, the molecule undergoes fission into a pyrimidine 
derivative I and a thiazole derivative II: 



.N 

HC* 3 4 C CHj 


1 11 

S 1 6 c 


HNO, HC 
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CHjCH,OH 


CCH, 
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COOH. 



Ill 


4-Methyl-5-$-hydroxycthylthiazole (II) is oxidised by nitric acid to 4-methylthiazole 
5- carboxylic acid (III), which is also obtained when aneurin is oxidised. From this it 
appears that aneurin contains a thiazole-ring (322). This is the first example of a 
naturally occurring product containing this ring-system. 

The S 0 3 H group in I is derived from the sulphurous acid used in the fission. 

For the synthesis of aneurin the pyrimidine derivative IV was prepared: 



§ 344-346 


PURINE DERIVATIVES 


58 l 


O 

II 

CjHjOC 


C,HjOCH 2 — chU 


NaOCjHj 

+ c.h 5 o c=o -► 


H 


ethyl 2-ethoxyethane ethyl formate 
i-earboxylatc 


C 2 H 5 O C- /NH„ 

\CCH 3 OC„Hj + CH 3 C 

II ^NH 

NaO-CH 

nectamidine 


HN 

I 

HjCC 



N H , 


CH,OC 2 H 6 



H,OC,H 


2 ‘ 'S 


11 Hr 
—> 



NH.HBr 

CH,Br 


HC CCH 


+ 


cch 2 ch,oh 


II 


NH.HCl 



NH,IIBr 



CH 3 

C=CCHjCH 2 01I 


CH-N 

Br^" ^HC-S 


CIIj—N 


Cl 


CH 3 

C=rCCH 2 CH 2 OH 
HC—S 


ancurin hydrochloride. 


This compound IV adds on 4 -methyl- 5 - 0 -hydroxyethylthiazole (II), which is also 
prepared synthetically, with the formation of a quaternary thiazolinium salt. When the 
ionogenically bound bromine in this compound is replaced by chlorine, ancurin hydro¬ 
chloride is produced. This synthetically produced substance was found to be identical 
with the natural product as regards physiological action and its absorption spectrum. 


Iminazolopyrimidines or purine derivatives 

346. To this group belong many compounds of great importance from the 
physiological point of view, such as uric acid and various fission products 
of nucleic acids, as well as a number of vegetable bases such as xanthine, 
theobromine, caffeine, adenine, etc., which are related chemically to uric 
acid. This acid therefore will be discussed first. 

Uric acid or acidum iiricum C 5 H 4 0 3 N 4 was observed as early as 1776 by 
both Scheele and Bergmann as a constituent of gall-stones and of urine. 
Under normal conditions an adult person excretes about 0.6 gr. every 24 
hours. The excrement of birds and reptiles on the other hand consist mainly 
of uric acid; consequently guano and the excrement of snakes are suitable 
material from which to prepare this acid. 

This colourless, crystalline compound decomposes on heating without 
melting, is very sparingly soluble in water (about 1 part in 40,000 at 18 0 ) 
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but readily soluble in concentrated sulphuric acid. It is a weak acid 
(k = 0.00015) from which primary and secondary salts, called urates, are 

known. 


The primary salts, of which sodium and ammonium urate occur as deposits in 

urine, are very sparingly soluble in water. 

Secondary sodium urate (C 6 H 2 0 3 N 4 )Na 2 .H 2 0 , dissolves to the extent of about 1 /0 

in cold water; the solution reacts alkaline due to hydrolysis. 

Murexide reaction. When uric acid is evaporated down with dilute nitric acid and 
the residue is moistened with ammonia, a reddish purple substance, murexide, having 
the composition C 8 H 8 0 6 N 6 . is produced; some other purine derivatives also give 

this reaction. 


Structure of uric acid. The first researches on this subjest by Liebig and 
Wohler date from 1837; in the course of the 19th and 20th centuries the 
structure of uric acid and related compounds had been established by 
numerous experiments carried out, for example, by A. Von Baeyer, E. 
Fischer, E. Grimaux, R. Behrend, W. Traube, A. Biltz, and methods 
had been found for synthesising these compounds. By completely methylat¬ 
ing uric acid, tetramethyluric acid is obtained; when this compound is 
heated with hydrochloric acid, the combined nitrogen is split off as methyl- 
amine hydrochloride. Since no ammonium chloride is observed, each of the 
nitrogen atoms in uric acid must be attached to one hydrogen atom; these 
hydrogen atoms are replaced by methyl groups during the methylation. 
Uric acid can be easily oxidised in both acid or alkaline media. By oxidation 
with strong nitric acid or with chlorine in acetic acid, colourless alloxan 
hydrate C 4 H 2 0 4 N 2 .H 2 0 is produced from which anhydrous alloxan C 4 H 2 0 4 N 2 , 
m.p. 250°, is obtained by heating in a high vacuum. This compound is yellow 
in colour (compare in this connection the yellow ester of mesoxalic acid and 
the colourless hydrate 148). 

On alkaline hydrolysis of alloxan hydrate there is produced urea and a 
salt of mesoxalic acid, so that alloxan is considered to be the ureide of 
mesoxalic acid, mesoxalylurea ; 

o 

HO^C—NH + HOH /NH. COOH 

C ^0 = 0 —> c=0 + C(OH), 

HC/V—NH + HOH \nH 3 COOH 

II 

O mesoxalic 

alloxan hydrate urea acid hydrate. 

The structure of alloxan is confirmed by the formation of violuric acid 
(344) by the action of hydroxylamine: 
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violuric acid. 


By the action of permanganate on sodium urate in alkaline solution 
followed by acidification with acetic acid, there is produced allantoin 
C 4 H 6 0 3 N 4 , m.p. 23S-240 0 . This compound is also obtained by heatingglyoxv- 
lic acid with urea; this reaction establishes its structure (Grimaux) : 


H 

yNH, HOCOH 

c=o + 

\i\Hj 0= C OH 
urea glyoxylic acid 



allantoin. 


From the formation of allantoin it follows that the atom grouping of urea, 
viz. —N—C—N—, occurs twice in the uric acid molecule; the formation of 
alloxan points to the presence of a pyrimidine-ring in uric acid. 

The structural formula I, which can also be written in the tautomeric 
form II, and which was put forward in 1875 by Medicus before sufficient 
experimental evidence was available to prove it, takes all these facts into 
account: 



keto-form uric acid cnol-form. 


This formula is confirmed by the following syntheses. By reducing violuric 
acid, aminobarbituric acid or uramil is produced. When this compound is 
treated with potassium cyanate and water, a molecule of isocyanic acid (155) 
is added and pseudo-uric acid C 5 H 6 0 4 N 4 , is produced. When the latter is 
heated with hydrochloric acid, water is split off and uric acid is produced: 
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pseudo-uric acid 


According to this structural formula, uric acid contains the pyrimidine ring system 
(,441 and that of iminazole (324); the iminazole ring is also present in allantoin. 
\llantoin is produced in the oxidation of uric acid by a roundabout route. The course 
of this reaction must in all probability be represented as follows: 
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hydroxyglycouril carboxylic acid. 


Via two hypothetical intermediates I and II, hydroxyglycouril carboxylic acid (III) 
is produced and can be isolated as the silver salt if the oxidation is carried out with 
alkaline permanganate at low temperatures. The alkali salt of III can then pass over 
either into uroxanic acid or diuridomalonic acid (V) or into allantoin (IV). Oxidation 
of uric acid in strongly alkaline media produces the potassium salt of uroxanic acid (V). 

Allantoin is formed in animal tissues and organs by the enzymatic oxida¬ 
tion of uric acid. It occurs in the urine of carnivors and also in many plants. 

Traube’s synthesis of uric acid (1900). By condensing ethyl cyanoacetate 
with urea, cyanoacetylurea (I) is produced, which is converted into 
(See formula pag. 585). 
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4-aminouracil (II) by the action of alkali. This compound reacts with nitrous 
acid giving a nitroso-derivative (III), which can be reduced to 3,4-diamino- 
iiracil (IV). When the latter is fused with urea, uric acid is produced in 
good yield: 
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Different purine derivatives may be prepared by varying the reagents in 
this synthesis. 

347. Purine or iminazolopyrimidine. By imagining the formula for uric acid 
written in the tautomeric form and the hydroxyl groups replaced by hydro¬ 
gen atoms, then a compound (I) is produced, which may be considered as the 
ultimate reduction product of uric acid and for which E. Fischer suggested 
the name purine (derived from purum and uricum) : 
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The method of numbering the carbon and nitrogen atoms was suggested 
bv E. Fischer and has been generally adopted although it is not in 

accordance with the rules laid down for heterocyclic systems. 

The method of writing a emphasises that the lmmazolopynmidine nng- 
system is similar to the ring-systems of indole (315) and coumarone (312), 
in which a six-ring is again condensed in or//*o-positions with a five-ring. 
In the method of writing b, which is commonly employed, it is not so clear 
that the pyrimidine ring belongs to the diazines. In this book, therefore, 

method a will be used. . 

Purine C 5 H 4 N 4 , a very feebly basic compound, m.p. 217 , which is readily 

soluble in alcohol and water, cannot be obtained by directly reducing uric 

acid. _ . 

By the action of phosphorus oxychloride on uric acid there is produced 

2,6,8-iricJiloropurine (I); when this compound is treated at o° with phospho- 

niurn iodide and hydriodic acid, diiodopurine (II) is produced, from which 

purine (III) itself is formed by warming with zinc dust and water: 
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According to this method of formation, structure IV might also be ascribed 
to purine: however, III is in agreement with the structure of some of its 
derivatives which have been obtained synthetically. 

Compounds of the uric acid group may be considered as derivatives of 
purine so that a rational nomenclature is possible. Uric acid in the enol- 
form may be called 2,6,8-trihydroxypurine. 

Some of the naturally occurring purine derivatives will now be discussed. 

Hypoxanthine or 6-hydroxypurine C 6 H 4 ON 4 , occurs in both the animal and 
vegetable kingdoms. It may be obtained in the following way from 2,6,8- 
trichloropurine (I) The chlorine atom in the 6-position is easily replaced 
by a hydroxyl group by the action of caustic potash at ioo°. The resultant 
2,8-dichloro-6-hydroxypurine (II) is converted into hypoxanthine (III) by 
reduction with hydriodic acid: 
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348. Xanthine or 2,6-dihydroxy purine C 5 H 4 0 2 N 4> occurs in many plants and 
in various animal organs; it occurs also in extremely small amounts in urine. 
The structure of xanthine follows from the formation of alloxan and urea 
in its oxidation with hydrochloric acid and potassium chlorate and further, 
from the Traube synthesis (compare 346): 
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Xanthine is also formed by warming 2,6,8-trichloropurine with sodium 
ethylate to produce 2,6-diethoxy-8-chloropurine, which is converted into 
xanthine by heating with hydriodic acid, the ethyl groups and the chlorine 
atom being replaced by atoms of hydrogen. Xanthine is very sparingly 
soluble in water and possesses feebly basic properties. 

Theobromine or 3,y-dimelhylxanthine C 7 H 8 0 2 N 4 , occurs in cocoa beans 
(the seeds of theobroma cacao). The unroasted beans contain 1.5—1.8 % of 
theobromine. The latter is a colourless, crystalline substance, melting at 
351 0 , which is very sparingly soluble in water and possesses a bitter taste. 
It is obtained from cocoa pods and can be prepared on a commercial scale 
from uric acid. 


Theobromine is used in medicine as a diuretic; the double salts of the sodium salt 
of theobromine with sodium salicylate, Diuretin, or with sodium lactate, Theolactin, 
are used for the same purpose. These substances are more soluble in water than 
theobromine. 

Caffeine, theine or 1,3,y-trimethylxanthine C 8 H 10 O 2 N 4 , occurs in coffee 
beans; it was discovered round about 1820, independently by Runge, 
Robiquet, Pelletier and Caventou. Subsequently it was found that 
caffeine from coffee is identical with theine from tea. Caffeine crystallises from 
water in glittering, silky needles having the composition C 8 H 10 O 2 N 4 .H 2 O. 
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The anhydrous substance melts at 236.5° and sublimes at a lower temperature. 
It is readily soluble in warm water and sparingly soluble in cold. 


UnroastecI coffee beans, the kernels from the seeds of cofjea arabica, contain about 
1 o o of caffeine, the content of china tea (the dried leaves of thea chmensis) varies 
between 1.1 and 4.7 %; cola nuts contain about 1.7 %, Paraguayan tea or mat6, the 
dried leaves of ilex paragnayensis, contains on the average 0.7 % of caffeine. 

Caffeine stimulates the activity of the central nervous system and increases that 
of the heart. It is used in medicine as such and in the form of double compounds e.g. 
with sodium salicylate. Caffeine can be obtained from tea leaves; it is also prepared 
by methylating theobromine and can be prepared from uric acid. 


Structure of theobromine and caffeine. Theobromine can be obtained by 
warming the lead salt of xanthine with methyl iodide, whereby two methyl 
groups are introduced. It is therefore a dimethylxanthine. 

By methylation in alkaline solution, a trimethylxanthine, caffeine, is 
produced in which the three methyl groups are attached to each of the three 
nitrogen atoms, for, when caffeine is heated with hydrochloric acid, methyl- 
amine and sarcosine (195) CH 3 NHCH 2 COOH, are formed in quantities 
agreeing with three >NCH 3 groups in the molecule. 

Dimethylalloxan and monomethylurea are produced by oxidising caffeine 
with potassium chlorate and hydrochloric acid. Hence two of the methyl 
groups in the caffeine molecule are substituted in the pyrimidine nucleus in 
positions 1 and 3, since the methyl groups are attached to nitrogen. The 
third methyl group is situated in the iminazole-ring, for this methyl group 
also is attached to a nitrogen atom and therefore in position 7. From the 
formula of purine, nitrogen atom 9 carries no hydrogen atom and therefore 
no substituent can be attached to this atom. Position 7 for the third methyl 
group in caffeine is confirmed by synthesis and at the same time it affords 
a proof for the correctness of the purine formula. Further details, however, 
cannot be gone into here. 

By oxidising theobromine with chlorine in presence of water, mono- 
mcthylalloxan and mono-methylurea are formed (see formula on page 589). 

One of the two methyl groups in theobromine must therefore be attached 
to position 7 and the other to position 1 or 3. 

The following synthesis proves that position 3 is occupied by a methyl group. 
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Theobromine is prepared by a Traube synthesis in which 4-amino-3-methyluracil is 
obtained from mono-methylurea, and is then converted into 3-methylxanthine by the 
method described on page 587; the latter compound is then methylated to give theo¬ 
bromine : 
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Theophylline or 1,3-dimethylxanthinc C 7 H 8 0 2 N 4 , is an isomer of theobromine. It 
melts at 268° and is sparingly soluble in cold but readily soluble in warm water. The 
solution reacts neutral. This compound occurs in small amounts in tea leaves but it is 
difficult to isolate it from this source. It can be prepared from uric acid or by a Traube 
synthesis. Theophylline has a powerful diuretic action and is used in medicine. 

Adenine or 6 -atninopnrine C 6 H 6 N 2 is sparingly soluble in water from which it crys¬ 
tallises with three molecules of water of crystallisation; the solution is neutral in 
reaction. It forms salts with inorganic acids and also dissolves in strong bases. 

Adenine occurs very widely distributed in small quantities throughout the vege¬ 
table and animal kingdoms, especially as a fission product of nucleic acids ( 349 )- 
It is obtained in the following way from trichloropurine (E. Fischer): 
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The structure of adenine is in accordance with the formation of hypoxanthine by 

the action of nitrous acid on adenine. . . 

Guanine or 2-amino-6-hydroxypurine C 5 H 5 ON 5 . is very sparingly soluble in water 

and alcohol. It occurs in plants and animals and is. for example, a constituent of 
human faeces and of guano. It is converted into xanthine by the 
action of nitrous acid. Guanidine H 2 N(C=NH)NH 1 (153) is 
produced along with other substances when guanine is oxidised 
with potassium chlorate and hydrochloric acid. 

Hence in guanine, one carbon atom must be attached to three 
nitrogen atoms. From these data the structure of guanine must 
be as shown annexed. 
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Nucleosides, mononucleotides and polynucleotides or nucleic acids 

349. Nucleosides are composed of a mono-saccharide residue (159) and a pyrimidine 
(344) or a purine derivative (346) combined in the form of a glucoside (179)' 

(7-Ribose, 2-desoxy-rf-ribose and rf-glucose have been found as mono-saccharide 
components. Desoxy-sugars are derivatives of mono-saccharides in which a CHOH- 
group is replaced by a)> CH 2 group, thus: 

CH 2 OHCHCHOHCH,CHOH 


2-dcsoxy-rf-ribose. 

Adenine and guanine arc found as purine derivatives and cytosine, uracil, thymine 
and methylcytosine (344) as pyrimidine derivatives. 

Adenosine, i.e. adenyl-7-rf-ribofuranoside is an example of a purine-nucleoside: 
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Cytidinc or cytosyl-d-ribofuranoside is a pyrimidine nucleoside: 
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Both these nucleosides are found as fission products or nucleic acids. The nucleosides 
arc crystalline substances, which are soluble in water but insoluble in most organic 
solvents. The purine-nucleosides are split up by very dilute mineral acids into tf-ribose 
and a purine derivative; the pyrimidine-nucleosides are only split up by more concen¬ 
trated solutions of mineral acids, which bring about the decomposition of the mono¬ 
saccharide component. 

Mononucleotides are phosphate esters of nucleosides; various nucleotides are found 
in animal and vergetable tissues; as an example inosinic acid, which occurs in meat 
extract, may be mentioned. 

By acid hydrolysis it is split up into a phosphate ester of ribo.se and by alkaline 
hydrolysis inosmc or hypoxanthine-ribosxde is produced; 
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inosinic acid. 


Adenylic acid is similarly constituted to inosinic acid; it occurs in muscle and 
contains adenine as a structural unit. 

Diphosphate esters also occur in the nucleotides as well as monophosphate esters. 

Nucleic acids or polynucleotides are compounds of high molecular weight which give 
nucleotides and nucleosides by hydrolytic fission. 

Compounds derived from nucleic acids with proteins, histones or protamines are 
the chief constituents of the nuclei of vegetable and animal cells. 

To this class of compounds belong the nucleoproteins (201). 

One nucleic acid from yeast gives on hydrolysis, four mono-nucleotides, viz. guan- 
ine-ribosephosphoric acid, uracil-ribosephosphoric acid, cytosineribose-phosphoric acid 
and adenineribose-phosphoric acid which are probably combined in the molecule in 
the form of esters. (P. A. Levene). 


Lactoflavin (riboflavin) or Vitamin-B 2 

350. Vitamin-^ C 17 H 20 O 8 N 4 (see 306), which has been given the name of lactoflavin 
because of its yellow colour and its presence in milk, melts at 280-282° and the aqueous 
solution shows a yellow-green fluorescence. The structure of lactoflavin has been 
established by R. Kuhn and P. Karrer. 

By the action of sunlight on a methyl alcoholic solution of lactoflavin, the latter 
substance is decomposed and a yellow coloured substance, lumichrome C 12 H 10 O 2 N 4 (I) 
is produced. 

By irradiating a weakly alkaline aqueous solution of lactoflavin, another dyestuff, 
lumiflavin C 13 H, 2 0 2 N 4 (II) is formed. Compounds I and II show similar properties 
to alloxazine, which had long been known and which is produced by condensation of 
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alloxan (346) with 1,2-diaminobenzene in acid solution. The structure of lumichrome 
and of lumiflavin follows from the methods of synthesis. 
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Compounds I and II contain the ring-system of a pyrazine-ring (342) condensed 
with a benzene-ring and also with a pyrimidine-ring ( 344 )* 

When the composition of lactoflavin is compared with that of lumiflavin, it is seen 
that the latter contains a C 4 H 8 0 4 -gToup less than the former. Lactoflavin contains four 
hydroxyl groups as is shown by acetylation. From this it follows that lactoflavin may 
be a derivative of lumiflavin in which the CH a -group attached to position 9 is replaced 
by CHoOH(CHOH) 3 CH 2 —. A number of such isomeric compounds were prepared by 
synthesis and the rf-ribityl-derivative appeared to be identical with naturally occurring 
riboflavin. The synthesis is carried out as follows: 

An equimolecular mixture of i-amino^-carbethoxyamino^.S^^^thylbenzene 
and rf-ribose is treated with hydrogen in the presence of finely divided nickel to produce 

2-carbethoxyamino-4,5-dimethylphenylribitylamine (IV). It must be concluded that 

the_CHO group in ribose reacts with the free amino-group in III with the elimination 

of water and the compound so obtained then takes up two atoms of hydrogen: 
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-4,5-dimcthylphenylribitylamine (\'). When 
alloxan, 6 , 7 -dimcthyl- 9 -ribitylisoalloxazine 


In a similar way a number of isomers of lactoflavin have been prepared in which the 
/-ribityl or d- or /-arabityl or tf-xylityl group is introduced in place of the rf-ribityl 


group. I hose compounds cither fail to show the growth promot ing activity of vitamin - B„ 
altogether or show it only to a very much lesser degree. This activity is present in homo- 
logues of lactoflavin containing only one methyl group. Hence the rf-ribityl group is 
necessary for the promotion of growth. 


// ydrogen-transfert ing enzymes 


351. The yellow respiratory enzyme, a holo-ferment (208) occurring in many living 
cells and isolated, for example, from yeast, fulfils a function in the oxidation processes 
in the living cell. According to researches by Warburg, Kuhn, Theorell and their 
co-workers, this holo-enzyme consists of a co-cnzynu and an apo-enzyme, the latter 
being a protein. The co-enzyme is a phosphoric acid ester of riboflavin and has been 
synthesised. The phosphoric acid is probably esterified with the terminal group in the 
ribityl residue. It is assumed that the protein, as an amphoteric substance, is combined 
through a basic group with one of the hydroxyl groups in the phosphoric acid, while an 
acid grouping in the protein is combined with the NH-group in the pyrimidine ring: 
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yellow respiratory enzyme of Warburg. 


The yellow respiratory ferment can be readily reduced to a leuco-compound. This 
reduction takes place in the living cell by means of a hydrogen-transferring co-enzyme 
(Warburg), which has the power of taking up hydrogen from a substance which will 
give up hydrogen [hydrogen donator D(2H)J and transferring this hydrogen to the yellow 
ferment F, thereby reducing it to a leuco-compound F(2H). This leuco-compound is 
then oxidised by atmospheric oxygen either directly or through the agency of another 
enzyme-system (cytochrome). 

Schematically the process is represented as follows: 
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The result is that two atoms of hydrogen are split off as water from the substance 
which cannot be oxidised by atmospheric oxygen directly. 

Now it is assumed, that in the leuco-form of the yellow respiratory enzyme, the two 
atoms of hydrogen are taken up in the iso-alloxazine ring, which becomes converted 
into a partially hydrogenated ring: 
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kuco-derivative of lactoflavin. 

Warburg’s hydrogen-transferring co-fermcnt. In chemical structure this co-ferment 
is closely related to co-zymase, one of the enzymes of the zymase-complex, which can 
also bring about the transference of hydrogen (see 193). From the researches of von 
Eui hr and Warburg, both enzymes are to be considered as nucleotides (349). 

Co-zymase has a molecular weight of about 700. On hydrolytic fission it is broken 
down into two molecular of phosphoric acid, a molecule of adenine (348). a molecule 
of nicotinamide (335) and a pentose. According to von Euler, co-zymase must be 

represented as follows: 
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co-zvmase. 

The nitrogen atom in the pyridine group carries a positive charge and is combined 
in the form of an internal salt with a negatively charged oxygen atom of a phosphoric 
acid residue. 

The active group in the co-zymase molecule, which can take up and part with two 
atoms of hydrogen, is the nicotinamide grouping. It has been found that quaternary 
salts of this compound, I, can be reduced in aqueous solution by sodium hydrosulphite 
Na a S 2 0 4 , whereby a methylated derivative II of 1,6-dihydropyridine 3-carbonamide 
(III) is produced: 
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Compound II, which can be isolated in a practically pure state, is very easily oxidised. 
The ultra-violet spectrum of II is quite different from that of I. 

Karrer has prepared a compound having the structure IV; this is the N-glucosido- 
dcrivativc of i,2-dihydropyridine 5-carbonamide. lie has also prepared derivatives in 
which there is a pentose residue instead of a glucose residue. 

In alkaline solutions, these compounds show an absorption maximum in the ultra¬ 
violet at 3400 A. On acidification, this maximum disappears and a maximum appears 
at 2250 A. This absorption spectrum agrees exactly with the absorption spectrum 
produced when Warburg’s hydrogen-transferring enzyme or co-zymase is reduced 
with sodium hydrosulphite. From this description it is very probable therefore, that 
the nicotinamide group in which the nuclear nitrogen atom is quatemised, is the active 
group in co-zymase and the co-ferment of Warburg. The latter has a molecular weight 
of about 800 and on hydrolysis gives a pentose, 1 mol. of adenine, 1 mol. of nicotinamide 
and 3 mols. of phosphoric acid. 



CHAPTER 15 


ALKALOIDS 

352. The name alkaloids, for the nitrogenous basic compounds occurring in 
plants, is connected with the discovery of the first representative of this 
group of compounds, morphine, which was isolated by Serturner in 1814 
from opium. This investigator found that morphine gives salts with acids 
and therefore must be considered as a base. This was the first example 
of a basic, nitrogenous carbon compound, therefore it was given the name 
alkaloid, i.e. an alkali-like compound. The composition of morphine 

Ci 7 H 19 0 3 N was determined in 1831 by Liebig. 

In 1820 Pelletier and Caventou discovered two other alkaloids, which 
they isolated from cinchona bark, namely, quinine, C2oH 24 0 2 N 2 and cincho¬ 
nine C 19 H 22 ON 2 . In 1828, Posselt and Reimann isolated a liquid with 
basic properties from tobacco, namely, nicotine C 10 H 14 N 2 . Thus by the term 
alkaloid was understood a nitrogenous basic compound of complicated com¬ 
position, which occurs in the vegetable kingdom. 

Not until 1848 did Wurtz discover the simplest organic nitrogenous bases, 
the aliphatic amines, some of which, like methylamine and trimethylamine, 
also occur in the vegetable kingdom; these compounds are not, however, 
included in the alkaloids. 

As more alkaloids were examined, it became apparent, that as regards 
their structures, these vegetable bases belonged to very diverse groups. 

These compounds are treated in a separate chapter for historical reasons. 
The vegetable bases of the purine group, which are frequently looked upon 
as alkaloids, have already been discussed in 347. 

Amino-acids with basic characteristics are not included in the alkaloids; on 
the other hand, some amines, which can be obtained by simple reactions from 
amino-acids, like histamine (199, 325) and tyramine (239), do belong to this 
group. 

Many alkaloids contain heterocyclic ring-systems with nitrogen atoms 
combined in the ring; they are divided into groups depending on the nature 
of the ring-system. At present, a few hundred alkaloids are known, including 
a number of unknown or only partially known constitutions. The structures 
of the majority have been elucidated only after difficult and tedious investi¬ 
gations. 
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Plants which contain alkaloids, belong chiefly to the dicotyledons, 
although some alkaloid-bearing plants occur among the mono-cotyledons 
and even amongst the cryptogams and the gymnospores. Amongst the 
dicotyledons there are some families which are very rich in plants bearing 
alkaloids, e.g. the papaveracea, papillionaceae, ranunculaceae, rubiaceae, 
etc. A plant species containing alkaloids very seldom contains just one 
alkaloid but usually contains various bases closely related in structure. 

Alkaloids occur in plants combined with acids like oxalic acid, acetic 
acid, lactic acid, malic acid, tartaric acid and citric acid in the form of salts. 

In order to isolate alkaloids from plants, the vegetable material is finely divided 
and extracted with acidulated water, when the alkaloids and other substances such 
as saccharides, colouring matters, etc., pass into solution. The aqueous extract is then 
basified and the liberated alkaloids arc recovered by extraction with solvents like ether 
or chloroform, or in the case of volatile alkaloids, by steam distillation. For purifying 
the alkaloids, the free bases are again converted into salts which are purified by 
recrystallisation. 

Many alkaloids can be precipitated from aqueous solution by tannic acid, 
phosphotungstic acid, phosphomolybdic acid, picric acid, platinum chloride, 
mercury salts or iodine-potassium iodide. 

The alkaloids are usually identified by microscopical examination of the 
crystalline form of the free bases or their salts, by the ultra-violet absorption 
spectrum and by the optical rotation. Sometimes they are recognised by 
their pharmacological properties. 

Colour reactions are known for some alkaloids but they are seldom so 
specific that they are in themselves sufficient to identify a particular alka¬ 
loid with certainty. Man}' alkaloids are extremely poisonous; some show a 
particular pharmacological action and are therefore of great importance in 
medicine. 


Derivatives of aromatic amines with an amino-group in the side-chain 

353. Capsaicine C 18 H 27 0 3 N, the active constituent in species of capsicum such as 
Spanish pepper and paprika , is a derivative of benzylamine, namely, the vanillylamide 
of a nonene carboxylic acid (dccclenic acid) C 9 H I7 COOH. The structure has been esta¬ 
blished by synthesis: 



^CH.NHCOlCHjjCH^CHCHfCHj). 


For other alkaloids in this group see 239. 
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Derivatives of pyrrolidine 

354. Hygrine C 8 H 15 ON, occurs in Peruvian coca leaves in which it was dis- 
coveredTn 1862 by Wohler and Losser. It is a colourless hqurd -thbas.c 
properties, which boils at 193 - 195 ° and is laevo-rotatory L a lD - *-3 ■ 

it forms an oxime due to the presence of a ketomc group. On oxidation with 
chromic acid it gives hygric acid( 35 6), which loses carbon dioxide on heating 
and is converted into N-methylpyrrolidine (314)- From this it follows that 
hygrine is a derivative of this compound in which there is also a side-chain 
of three carbon atoms. The structure of the side-chain follows from the 
following synthesis of ^/-hygrine (IC. Hess): 
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The last step in this synthesis is rather remarkable. When II is heated 
with formaldehyde, the secondary alcohol group is oxidised to a ketone group 
while the NH-group is methylated to give III. 


Derivatives of pyridine and piperidine 

355. Conium alkaloids. The leaves and the fruit of the hemlock (conium 
macnlatum) contain a number of closely related alkaloids including coniine , 

N-niethylconiine C 9 H 19 N and conhydrine C 8 H 17 ON. 

Coniine C 8 H 17 N, a liquid with b.p. 166 0 , [affi* = + 15 - 7 . is sparingly 
soluble in water but readily soluble in alcohol. Ihe base has a toxic action 
and causes paralysis of the nerve endings and muscles. The structure of 

coniine has already been discussed in 334. 

Piperine. The fruits of various kinds of pepper, e.g. piper nigrum, piper 
loti gum, contain piperine C 17 H 19 0 3 N, which was isolated from pepper by 
Oerstedt in 1819. It is a well defined, crystalline compound, sparingly 
soluble in water, with a m.p. of 129 0 ; it is neutral to litmus and has the 

sharp taste of pepper. 

Structure of piperine. Piperine (I) gives piperidine (II) and piperic acid 
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(III) (269) on hydrolysis. Piperine is therefore a substituted amide of piperic 
acid: 


/ 


H.C 


IL, 

II. 

II 

II 

II, 

H . 

C - 

t 

C 

C 

C - 

«• 

— C 


\ 

\ 

/ 

\ 

H .<) / 

\ 


XL OCH 

CHC H CMC 

c 

H.C 

Ml + 

c— 

/ 

-o' 

V 

-c 0 

' V 

-c/ 

11, 

H . 

ii 

\ . 

H, 

IG 



I 

O— CH . 


II 


piporin** 


piperidine 


H 

C 


H 


HOOCCH-CHCH =CI1C 


H 


III 

piptric acid. 


C 


■ \ 


O 


O— c H . 


Alkaloids with two heterocyclic rings 

356. Alkaloids from tobacco. A number of alkaloids of closely related struc¬ 
ture occur in the leaves of nicotiana tabacum and other kinds of nicotiana. 
Nicotine C 10 H 14 N 2 occurs in the greatest amount. 

Nicotine occurs in the tobacco plant combined with malic and citric acid; the 
following also occur in commercial brands of tobacco, nornicotine C 9 H 12 N 2 , nicotyrine 

C J0 H i0 N 2 , anabasine C, 0 H,,N 2 and bases of simpler structure like pyrrolidine (314), 
N-methylpyrrolidine and piperidine (332). 

Nicotine is a colourless liquid, b.p. 247 0 , [a] D = —168.4, which is miscible 
in all proportions with water below 6o°. It has a tobacco-like smell, which 
is much less intense from a freshly distilled specimen than from an old 
preparation; /-nicotine is very poisonous; in very small quantities it acts 
initially as a stimulant to the central and peripheral nervous system, increa¬ 
ses the secretion of the salivary glands, contracts the blood vessels and 
increases the blood pressure. 

Structure of nicotine. The formula for nicotine, which was suggested by 
Pinner, explains the following degradation reactions. 

By oxidation with potassium permanganate or chromic acid, nicotinic 
acid (335) is produced. When the mono-methiodide of nicotine, carrying the 
quaternary group in the pyridine ring, is oxidised with potassium ferricyanide 
and alkali (compare 332), N-methylnicotone is produced, which may be 
convertedby further oxidation into /-hygric acid (Karrer) : 
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From this it follows that in nicotine, a pyridine ring is attached at the 
3-position to the 2-position of an N-methylpyrrolidine nucleus and also, that 
naturally occurring /-nicotine has the same steric configuration as Z-hygnc 

acid and hence as /-proline (199, 314). 

Synthesis of nicotine. A synthesis of nicotine was given in 1904 by A. 
Pictet, but investigations carried out by Spath and Kainrath and by 
Wibaut and Gitsels showed that this synthesis was not conclusive, so that 
a later synthesis due to Spath is given below. Electrolytic reduction of 
methylsuccinimide (I) gives N-methylpyrrolidone (II), which is converted 
into IV by condensation with ethyl nicotinate (III) under the influence of 
sodium ethoxide. By heating with hydrochloric acid, the bond between 
the >CO-and >NCH 3 -groups in the pyrrolidone IV, is broken with the 
addition of a molecule of water; the intermediate product then loses carbon 
dioxide with the production of V. By reduction with zinc, caustic potash 
and alcohol, the latter is converted into the corresponding hydroxy-com¬ 
pound VI. By heating with hydriodic acid at ioo°, the hydroxyl-group is 
replaced by iodine (VII) and finally, by heating with caustic potash solution, 
ring-closure takes place with the elimination of hydrogen iodide and the 
production of (//-nicotine (VIII): 
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Anabasine C 10 H 14 N 2 is isomeric with nicotine and occurs in anabasis aphylla a plant 
from the steppes (Orechokf) and also in nicotiana glauca. It has been identified as 
3 'pyridyl-2-piperidine. It differs from nicotine in that the N-methylpyrrolidinc-ring 
(314) is replaced by a piperidine residue. Anabasine is a liquid boiling at 276° and is 
laevo-rotatory [a]J« = — 82.4°. 

Nicotyrine C 10 H 10 N 2 (b.p. 281°) is produced by oxidising nicotine with silver oxide 
(Blau); this compound can be more easily prepared, however, by passing nicotine 
vapour at 320° over finely divided platinum, whereby two molecules of hydrogen 
are split off (Wibaut and Overhoff). Hence this alkaloid has the annexed structure: 
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anabasine. 


Alkaloids with condensed ring-systems (pyrrolidine and piperidine rings) 

357. Hyoscyamine C 17 H 23 0 3 N was discovered in 1833 by Geiger and Hesse ; 
it occurs in various plants of the solanaceae family including atropa hella- 
dona, datura stramonium, hyoscyamus niger. It melts at 108.5 0 and in 
solution in 50 % alcohol it shows a laevo-rotation [a] D = —22 0 . 

By the action of dilute alkalis, hyoscyamine is converted into a racemic 
<//-form melting at 118 0 , which is known as atropine. Atropine is used in 
medicine because of its “mydriatic action", i.e. it causes the pupil of the 
eye to dilate when a drop of a dilute solution of the alkaloid is allowed to 
fall into the eye. /-Hyoscyamine has a similar action. 

Structure of hyoscyamine and atropine. By warming with dilute acids or 
alkalis, hyoscyamine is split up into tropine, which is optically inactive. 
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and rf/-tropic acid (265). When, however, the hydrolysis is carried out with 
water at ordinary temperatures, /-tropic acid, which tsvery readily racemised, 
U produced From this it follows that the optical activity of /-hyoscyamine 
must be ascribed to the tropic acid residue and that this part of the molecule 
is racemised when /-hyoscyamine is converted into atropine. 
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As will appear in the determination of the structure of tropine, this com¬ 
pound possesses an alcoholic hydroxyl group so that hyoscyamine is an 

ester of tropine and tropic acid. 

Structure of tropine. This has been elucidated by the researches of Laden- 
burg, Merling and Willstatter, the formula being suggested by the 

latter investigator. 

A ketone, tropinone C 8 H 13 ON (II), is produced by the oxidation of tropine 
(I) with chromic acid in acid solution: 
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With amyl nitrite, this compound gives a di-isonitroso-compound. Hence 
the carbonyl group must lie between two —CH 2 groups; a hydrogen atom in 
each of these groups must be replaced by a =NOH group. When tropinone 
is oxidised further, tropic acid (III) is formed first of all along with ecgoninic 
acid (IV) and finally N-methylsuccinimide (V) (see 125): 
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From the formation of V' it follows that a pyrrolidine-ring (314) is present 
in tropine. 

The structure of tropic acid has been proved by a degradation method, 
which has also been applied to other compounds containing a nitrogen atom 
combined in the ring. 

By methylating methyl tropate (I), a quaternary ammonium salt is 
formed. The base obtained from this salt (II), on heating, loses a molecule 
of water with the formation of the olefinic compound III: 
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By methylation and treatment with silver hydroxide, the base IV is 
produced, which decomposes on heating into trimethylamine, water and 
the ester of the unsaturated acid V, containing two double bonds. This 
acid is converted into pentane 1.5-dicarboxylic acid or pimelic acid on 
reduction with sodium amalgam in an alkaline medium. 

From the above, it follows that there is a ring of seven carbon atoms with 
a nitrogen bridge between carbon atoms 2 and 6, present in both tropine 
and tropinone. The structure of tropine may also be regarded as a con¬ 
densed ring-system composed of a non-planar piperidine-ring and a pyrroli- 
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dine-ring, having three atoms in common as shown schematically in the 

f The structure of tropinone was confirmed by a most interesting synthesis 
by R Robinson. This depends on the condensation of butanedial, methyl- 
amine and propanone in aqueous solution at ordinary temperatures. 
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tropinone. 


Two asymmetric carbon atoms (2 and 6), which are mutually equivalent, 
occur in the tropinone molecule. Hence three stereoisomeric forms of tropi¬ 
none are imaginable, namely, two mirror-image d- and /-forms and an 
inactive form, the molecule of which is symmetrical (compare d- and /- and 
meso-tartaric acids). In the symmetrical form, carbon atoms 7 and 8 are 
combined in the cis -position to the piperidine ring; a strain-free model can 
be constructed for this form (280, 288). In the asymmetric d - and /-forms, 
in which carbon atoms 7 and 8 are attached to the piperidine ring, in the 
trans-ioxm, considerable strain should be present according to the space 
model. In accordance with this prediction, only one form of tropinone is 
known and this is symmetrical and inactive. For the same reason, the mole¬ 
cule of tropine is symmetrical ; it possesses a plane of symmetry which can 
be drawn through atoms 1 and 4 and bisects the bond between 7 and 8. 
The hydrogen atom and the hydroxyl group on carbon atom 4 can take up 
two different positions in this plane. The hydroxyl group may stand in the 
ds - or the /r«»s-position with respect to the carbon bridge 7-8. Both 
stereo-isomeric forms of tropine, both of which are inactive, are known. 
Tropine from hyoscyamine or atropine melts at 62° and boils at 233 0 . 

When tropinone is reduced with zinc dust and hydriodic acid, not only is 
tropine produced but also />sew/o-tropine, which melts at 109° and which 
is unlike tropine in that it is not volatile in steam. Atropine is obtained by 
esterifying tropic acid with tropine; this constitutes a synthesis of this 

alkaloid. 


358. Coca-alkaloids. Various closely related alkaloids, such as cocaine, 
cinnamylcocaine, benzoylecgonine, a- and p-truxilline and tropacocaine, 
some of which will be discussed in more detail, occur in the leaves of erythro - 
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xylon coca. Along with these alkaloids, hygrine also occurs in South Ameri¬ 
can coca-leaves (see 354). 

Cocaine C 17 H 21 0 4 N is the most important alkaloid in this group. It was 
isolated by Niemann in 1S60 from South American coca-leaves in which it 
occurs to the extent of 1.3 %. It is a crystalline compound, which melts at 
98° and is sparingly soluble in cold water and readily soluble in alcohol; the 
solution is optically active [x] D = — 15.8°. 

The structure of cocaine is closely related to that of tropine (357) as is 
shown by the following. When cocaine (I) is hydrolysed with concentrated 
acids, it gives benzoic acid(26o), methyl alcohol and<rcgo»/»£?C 9 H 15 0 3 N (II): 
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By treatment with methyl alcohol and hydrogen chloride, eegonine can 
be converted into a methyl ester, which can be benzoylated with benzoyl 
chloride to produce cocaine. Thus eegonine contains a carboxyl group and 
an alcoholic hydroxyl group. It also forms a salt with hydrochloric acid 
and therefore contains a basic group. The structure of eegonine follows 
from the results of oxidation with chromic acid whereby tropic acid (III) 
and ecgoninic acid (IV) are formed, both of which can also be obtained by 
oxidising tropine. The difference is, however, that in the oxidation of optic¬ 
ally active eegonine the acids are also produced in an optically active form: 
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Eegonine was prepared synthetically by WillstAtter. The methyl ester 
of tropinone carboxylic acid (V) is produced from butanedial, methylamine 
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and the potassium salt of the mono-methyl ester of acetone dicarboxylic 
acid: 
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On reduction and hydrolysis, V is converted into ecgonine (VI): 
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Ecgonine possesses four asymmetric carbon atoms; thus there ought to 
to be sixteen stereo-isomers. Since, however, the CH 2 CH 2 bond on 
the piperidine ring occurs only in the cis- position, only eight isomers remain. 
Several of these eight isomers and the corresponding cocaines, are known. 

There occurs in coca-leaves along with /-cocaine a small amount of d- 
pseudo -cocaine or rf-^cocaine melting at 47 °- This isomer may be derived 
from rf-ecgonine produced by heating naturally occurring ecgonine with 

caustic potash solution. 


Cinnamylcocaine C ltt H 23 0 4 N, melting at 121 0 , [a] D 
in Japanese coca-leaves; on acid hydrolysis it gives 
/-ecgonine, cinnamic acid (268) and methanol. It can 
be prepared from the methyl ester of /-ecgonine and 
cinnamyl chloride. From this its structure must 
be represented by the annexed formula: 

a- and fi-Truxillinc C 38 H 4# O a N a on hydrolysis give 
two mols of /-ecgonine, two mols of methanol and 
one mol. of a- or $-truxillic acid, respectively (these 
are d imers of cinnamic acid) .They have no anaesthet¬ 
ic action. 


—4.7 0 (in chloroform), occurs 
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In technical practice it is usual to break down the total coca-alkaloids from the 
plant material to ecgonine, which is then converted into cocaine by esterification and 
benzoylation. On account of its anaesthetic properties cocaine is used as a local 
anaesthetic. 

A large number of compounds have been prepared as substitutes for cocaine. It 
has been found that both the hydroxyl group and the carboxyl group in ecgonine 
must be esterified; the ethyl ester of benzoylecgonine cocaethylinc as well as the corres¬ 
ponding propyl and butyl esters are powerful anaesthetics. 

The benzoyl group is also necessary for anaesthetic action. 

Benzoates and p-aminobenzoates of some of the simpler 
aliphatic aminoalcohols also possess anaesthetic action (com¬ 
pare novocaine 262). 

Tropacocciine C 15 Hi 9 0 2 N occurs in Javanese coca-leaves. 

From its structure it belongs to the atropine group, for it is 
the benzoate ester of ^-tropine. It melts at 49 0 , has powerful 
anaesthetic properties and can be obtained synthetically 
by benzoylating ^-tropine (357). 
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Alkaloids with a quinoline ring 

359. Cinchona alkaloids. A collection of different alkaloids (at least 24), of 
which quinine and cinchonine are the most important, occurs in the inner 
and outer bark of trunks, branches and roots of trees belonging to the 
cinchona species of the rubiaceae family. 
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From South America, where the cinchona tree is indigenous, it was introduced 

into Tava where it is now cultivated on a large scale. 

The name Cinchona was given to this species by Linneaus in 1742. 


Cinchonine C 19 H, ; ON 2 melts at 260”, has [-]„ = 224.4° and is sparingly 
soluble in water and alkalis but readily soluble in acids, alcohol and chloro¬ 
form. A number of cinchonine salts are known, e.g. (C^H^ONJgHgSO^aq., 

(C 19 H 22 ON.,)HC 1 . 2 aq., etc. . . . , , 

Cinchonine has febrifugal properties and like quinine, is used as a drug 

against malaria. 

Structure of cinchonine and quinine. This has been elucidated by the work 
of various investigators including Skraup, Konigs and Rabe. In the struc¬ 
tural formula of cinchonine, which was suggested by Rabe, the molecule 
contains a quinoline-ring (A) and a bicyclic hydrogenated ring-system (B) 
for which Konigs has suggested the name of quinuclidine. The oxidation 
products from this part of the molecule are indicated by the prefix mero- 
(from ijuspo; = part) or by the word loipo- (from Xoiiro? ; = remainder). 

There are four asymmetric carbon atoms in cinchonine, namely, 3, 4, 8 
and 9, which give rise to the possibility of 16 stereo-isomerides. 
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cinchonine. 


The structural formula for cinchonine takes into account the reactions 
as shown above. 

By catalytic reduction, cinchonine can be converted into dihydrocinchonine 
Ci 9 H 24 ON 2 (I); formaldehyde and an aldehyde cinclioninal (II) 

is formed by the action of ozone and decomposition of the resultant ozonide 
with water (Seekles). From this it follows that a vinyl group is present in 
cinchonine. By moderate oxidation with chromic acid, a ketone cinchoninone 
C^H^ONa (III) is produced from cinchonine; the oxygen must be pre¬ 
sent therefore as a secondary alcohol grouping. 

Further oxidation of cinchonine with chromic acid produces quinoline 
4-carboxylic acid (IV) or cinchoninic acid and meroquinene (V), which is also 
an acid and which is converted by subsequent oxidation into cincholoiponic 
acid (VI) and finally, into loiponic acid (VII) (Skraup and Konigs): 
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When cinchonine is warmed with acetic acid and phosphoric acid it is 
converted into an isomeric compound cinchonicine or cinchotoxme containing 
a ketone group. This reaction, known as hydraminicfission, frequently occurs 
in compounds carrying a hydroxyl group and an amino-like nitrogen atom 
on neighbouring carbon atoms. 
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This ketone is probably an intermediate product in the oxidative fission 
of cinchonine into meroquinene (V) and cinchomnic acid (IV). 

By the action of nitrous acid on cinchoninone 
(III), cinchoninic acid (II’) is produced inago% h,c''c'h s ^"chch=ch, 

yield and the oximeoi $-vinylquinuclidone (VIH) | | | 

in a yield of 75 % (Rabe). Compound VIII, which H ° n-C^ch^ch, 

is derived from the quinuclidinc-ring system, is vm 

converted into meroquinene (V) by hydrolysis. 

The structure of the above-mentioned degradation products has been confirmed by 
synthesis Cinchoninic acid (IV) was obtained from quinoline (337) (Kaufmann) 
For the synthesis of cincholoiponic acid (VI). Wohl condensed p-chloropropionacetal 
with ammonia to give a tctrahydropyridinc-P-aldehyde, which was converted into 
the corresponding nitrile via the oxime. Ethyl malonate was then added on to the 
double bond and VI was eventually obtained from the addition product by hydrolysis 

and elimination of carbon dioxide: 
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Since VI is converted into 4-methylpyridine (y-lepidine) by heating with concen¬ 
trated sulphuric acid, it is proved that the —CH a COOH group is attached to carbon 
atom 4. 

$-Ethylqninuclidine has also been obtained synthetically. Methylol-$-collidine is 
produced from 3-cthyl-4-methylpyridine or p-collidine (333) by condensation with 
formaldehyde. After reduction and treatment with hydriodic acid, an iodide is 
produced, which passes over directly into the hydriodide of p-ethylquinuclidine: 
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Dihydrocinchonine has been prepared synthetically by Rabk so that the structure 
lias been completely established. 


360. Quinine C 20 H 24 O 2 N 2 is the most important alkaloid of this group. 
It melts at 177 0 when anhydrous and the trihydrate melts at 57 0 ; [ a ] D = 
—158.2° (in 99 % alcohol). It is sparingly soluble in water, more soluble 
in ether and readily soluble in alcohol and chloroform. Various salts of 
quinine are known, including the neutral sulphate (C 20 H 24 O 2 N 2 ) 2 H 2 SO 4 .8H 2 O, 
which fluoresces pale blue in aqueous solution and a stronger blue in dilute 
sulphuric acid solution, the acid sulphate C 20 H 24 O 2 N 2 .H 2 SO 4 . 7 H 2 O, the 
hydrochloride C 20 H 24 O 2 N 2 HC1.2H 2 O. 

Quinine is used as a febrifuge; the great importance of quinine as a drug 
lies in its specific action against malaria. 

Structure of quinine. This base is to be regarded as the methoxy deriva¬ 
tive of cinchonine. The methoxyl group is situated on carbon atom 6', i.e. 
in the para -position with respect to the nitrogen atom in the quinoline 
nucleus (see I). The presence of a vinyl group in quinine is proved in the 
same way as in cinchonine: 
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On moderate oxidation with chromic acid qu.mne ^ r 

produces a ketone, qmmnone (1 )■ | || | 

further oxidation with the same oxid,sing agent, mero- ch,oc c c H 

quinene (formula V on page 609) is formed along ' H cooh 

quininic acid or 6-methoxyquinoline 4-carboxylic acio. quininic acid 

Continued oxidation a (J or ^ n onpage6o 9 ) as produced from cinchonine. 

permanganate to pyridine 2,3.4-tricarboxylic acid (335). Quininic acid has 
also be<Tn obtained synthetically starting from 6-methoxyquinoline. 

‘ Bv the action of amyl nitrite and sodium ethoxide quminone is con- 
veftld into quininic acid and the oxime of p-vinyl-a-qumuclidone (formula 
VIII on page 610). This compound agrees m all its properties with the 

nroduct obtained in a similar manner from cinchonine. 

On boiling With acids, quinine indergoes hy draining fission 
with the production of quinotoxine or qmnicine C 20 H 24 O 2 N 2 , which occu 

also in small quantities in cinchona bark: 
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quinotoxine 

Radii and his co-workers have succeeded in preparing dihydroquimne synthclically. 

f^^^rlcHon^rndTct^‘^"fs'produced"an acid, the ester of which (II) can he 
reduced with sodium and alcohol to the corresponding ester of homocincholo.pomc 

acid (III): ___ CH.CHXOOR 
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The N-benzoyl derivative of III may be condensed with an ester of qumrnic acid 
in presence of sodium ethylate to give the benzoylated ester derivative of dihydro- 
quinotoxine (IV), which is converted by treatment with potassium hypobromite mto 
^n N-brominated derivative V. with the elimination of the benzoyl poup. hydrolysis 
of the ester grouping and elimination of carbon dioxide. This brommated compoun 
is converted into dihydroquininone by the action of dilute potassium hydroxide solu¬ 
tion. On reduction with aluminium and alkali, the ketone is converted into a mixture 
of four isomeric substances, from which dihydroquinine is isolated: 
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dihydroquinine. 


Quinine has been synthesised by Woodward and Doering (1945); a description 
of this synthesis would take us too far however. 

Rabe has given the following general formula for the cinchona alkaloids: 
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In cinchonine and cinchonidine R is H and R' is —CH=CH 2 . In quinine and 
quinidine R is OCH 3 and R' again —CH=CH 2 . In the dihydro-bases R' is CH 2 CH 3 . 

Cinchonidine C 1B H 22 ON 2 , a stereo-isomer of cinchonine, melts at 204°; [a] D = 178 . 

Dihydrocinchonine C 19 H 21 ON 2 , with m.p. 267° and [a] D = 204° and dihydrocin- 
chonidine, C 19 H 24 ON 2 , with m.p. 232 0 and [a] D = —96°. both occur in very small 
quantities in cinchona bark. 

Quinidine C 20 H 24 O 2 N 2 , a stereo-isomer of quinine melting at 173 0 , [a] D = 3 2 4 °» 
also occurs in small quantities in cinchona bark. 



CH. 15 


6l4 alkaloids 

,,r"T4 0M ?T-T O occurs in the bark of cinchoiici ledgeriana, it 
mcltVat 773.5®. [al D S °= —142* (in*alcohol) and possesses sufficient febrifugal properties 

^ ^ in cinchona bark and in -purified 

quinidine; it melts at 169.5° and has [a]|J — 299 . 


Alkaloids with an isoquinoline ring 


361 This class includes papaverine, laudanosine and narcotine, all of which 
occur in opium and which have been identified as benzylisoquinoline deriva- 


Papaverine C 20 H 2l O 4 N was isolated from opium in 1848 (Merck). It melts 
at 147 0 , is optically inactive, is very sparingly soluble in water and very 
readily soluble in chloroform. It is similar to morphine and codeine (362) 

in physiological action; it acts as a narcotic. 

Struct lire. Papaverine has the properties of a tertiary base. On fusion with 
alkali it gives 3,4-dimethoxytoluene (homoveratrole) (I) and dimethoxyiso- 
quinoline (II). The structure of the latter follows from its oxidation to 4,5- 
dimethoxyphthalic acid (meta-hemipinic acid) (III) and cinchomeronic 

acid (IV): 
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When papaverine (V) is oxidised with potassium permanganate, amongst 
other oxidation products there are produced 6,j-dimethoxy-isoquinoline 
i-carboxylic acid (VI) and pyridine 2,34-tricarboxylic acid (a -carbocin- 
chomeronic acid) (VII): 
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From this it follows that the dimethoxybenzyl group must be attached 
to the i-position in the isoquinoline-ring. The formula set out by Gold¬ 
schmidt (V) has been confirmed by a synthesis of Pictet and Gams. 

Veratrole or o-dimethoxybenzene (I) is first of all converted into 4-amino- 
acetoveratrone (II) as follows: 
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When II is treated with homoveratroyl chloride (III), 4-homoveratroylamino- 
veratrone (IV) is produced, which is reduced to the corresponding alcohol V 
by sodium and alcohol. By boiling a solution of V in xylene with phosphorus 
pentoxide ring-closure occurs with the formation of och 3 

papaverine (VI). 


Laudanosine C 21 H 27 0 4 N occurs in small amounts in opium. It 
is a derivative of papaverine being the N-methyltetrahydro- 
derivative. Its synthesis has been described by Pictet. It melts 
at 89°; [a] D = 103° (in alcohol). It is more poisonous than 
papaverine. 

Narcotine C 2 2H 23 0 7 N is one of the chief alkaloids of 
opium in which it occurs to the extent of about 10 %. 



CH 




6i6 


ALKALOIDS 


CH. 15 


It was discovered by Robiquet in 1817; it melts at 176°, [a] D 198° (in 
chloroform). In physiological action it resembles morphine (362) but is 

much less toxic. 


OC H 


O 


3 

CH 


2 



Structure. Narcotine is a tertiary base and contains three methoxyl 
groups. It can be broken down in various ways. By heating with water to 
about 150°, opianic acid and hydrocotarnine, which also occurs in opium, 
are produced: 


c 12 h„o 7 n + h,o—►c 10 h 10 o 6 + c 12 h 15 o,n. 

opianic acid hydrocotarnine. 

On oxidation, opianic acid and cotar nine are produced, while reduction 
gives meconine and hydrocotarnine. The narcotine molecule contains a 
partially hydrogenated and substituted isoquinoline ring, which is attached 
to a substituted benzyl group. 

The structures of all these fission products have been proved by synthesis. 
It is beyond the scope of this book however, to discuss these in detail. 
Cotarnine melts at 133 0 and is used in medicine especially in gynaecology. 
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362. These also occur in opium, the dried down, milky juice from the seed 
boxes of papaver somniferum etc., which is used in Asia on a large scale as 
a narcotic and a luxury article for producing stupor. About twenty five differ¬ 
ent alkaloids have been isolated from opium, namely, the phenanthrene 
alkaloids (morphine, codeine and thebaine), the isoquinoline bases (339) 
already discussed, and the cryptonine alkaloids to which belong cryptopine 
C 2 iH 23 0 5 N and protopine C 20 H 19 O 5 N. 

Morphine was isolated from opium in 1814 by Seguix and by Serturner. 
The latter investigator characterised it as the first example of a vegetable 
base (1805). 

The composition C 17 H 10 O 3 N was established by Laurent (1847). Morphine 
melts at 254 0 ; [a] D = —131° in methanol. It gives well defined, crystalline 
salts with one equivalent of acid, e.g. the sulphate (C 17 H 19 0 3 N) 2 H 2 S0 4 .5H 2 0, 
and the hydrochloride C 17 H I9 0 3 N.HC1.3H 2 0, both of which are soluble in 
water. Morphine is moderately soluble in water, very sparingly soluble in 
cold alcohol and more soluble in chloroform. It tastes bitter and has an 
anaesthetic action on the central nervous system; it causes sleep and is used 
in medicine as an anodyne. 

Codeine C 18 H 21 0 3 N melts at 155 0 , [ a ] D = —138° in alcohol, is sparingly 
soluble in water and readily soluble in alcohol and chloroform. It is a 
moderately strong mono-acid base; the aqueous solution reacts neutral to 
litmus. Codeine has a bitter taste; its pharmacological action is similar to but 
weaker than that of morphine. It is less poisonous also than morphine. 

Colour reactions for ynorphine and codeine. Morphine gives a green colour 
with a solution of potassium bichromate in sulphuric acid and an orange-red 
colouration with concentrated nitric acid. A solution of a morphine salt 
gives a blue colour with a neutral solution of ferric chloride, which disappears 
on the addition of acid. Codeine does not give the ferric chloride reaction 
and gives a yellow product with nitric acid. 

Structure of morphine and codeine. This has been the subject of some very 
difficult investigations which have been carried out right up to recent times 
(Vongerichten, Knorr, Pschorr, R. Robinson, etc.), only the main 
points can be touched on here. 

Morphine is a tertiary base. Of the three oxygen atoms, one is present as 
a phenolic hydroxyl group; this is responsible for the solubility of morphine 
in dilute alkalis. In codeine this phenolic hydroxyl group is replaced by a 
methoxyl group so that codeine is a mono-methyl ether of morphine and 
can be prepared from the latter by methylation. Codeine C 18 H 21 0 3 N can 
be converted by oxidation into codeinone C 18 H 10 O 3 N, a compound, which 
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which can be represented as c 16 h 1c o 


gives an oxime with hydroxylamine and therefore contains a ketone group. 
From this it follows that a secondary alcohol group is present in codeine, 

>N . (> N 

-OCH, and morphine as c 18 h 16 o ^ -oh 

v —C HOH l-CHOH. 

The third oxygen atom is combined as an ether as is shown from the 
examination of the degradation products from both the alkaloids. When 
methyl iodide is added on to codeine and the quaternary salt is warmed 
with potassium hydroxide solution, water is split off and x-methylmorphi- 
methine is produced: 
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quaternary ammonium base a-methylmorphi met bine 


This compound is decomposed by warming with acetic anhydride giving 
dimethylaminoethanol (CH 3 ) 2 NCH 2 CH 2 OH and morphol mono-methyl ether, 
which is identical with 3~methoxy-4-hydroxyphenanthrene. By methylating 
the latter, morphol dimethyl ether is obtained, which is identical with 
3,4-dimethoxyphenanthrene obtained synthetically (Pschorr, 284). From 
this it follows, that the molecules of codeine and morphine contain a phenan- 
threne skeleton. With regard to the dimethylaminoethanol, which is formed 
as a fission product, one methyl group is derived from the methyl iodide and 
the other must therefore have been combined to a nitrogen atom in codeine, 
so that codeine and morphine must contain the group —CH 2 CH 2 NCH 3 , 
which must be attached to the phenanthrene-ring. 
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morphol mono-mcthvl ether 

morphol 

morphol dimethyl ether. 


When the degradation of a-methylmorphimethine is carried out in 
another way, morphenol methyl ether is produced. This compound, which 
contains a phenol group and an ether-linked oxygen atom, can be converted 
into morphol by eliminating the methyl group and reducing the product. 

When codeinone is heated with acetic anhydride, methylaminoethanol 
CH 3 NHCH 2 CH 2 OH is produced along with the diacetyl derivative of 
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tnorphcnol methyl ctlar 



morph-»l 


3-methoxy-.|,6-tliliydroxyphenan throne 


3-methoxy-4, 6 -dihydroxyphenanthrene, the structure of which has been estab¬ 
lished by synthesis. The formation of this phenanthrene derivative can be 
explained by assuming that codeinone reacts in a tautomeric form in which 
the group —CO—CH 2 — passes over into the grouping —COH-CH—. In 
this way the position of the keto-group in codeinone is established and 
therefore also the position of the >CHOH-group in morphine and codeine. 

Morphine and codeine can now be represented by the following formulae: 

-ch 2 ch,nch 3 
' 1 

—h 

-H 
-H 

morphine 



codeine. 



The mode of attachment of the nitrogenous portion of the molecule was 
established only recently. It would, however, take us too far to deduce the 
structure of this ring-system and it must suffice to state only that the annexed 
formula, suggested by Sir Robert Robinson, best represents the facts: 



CH CH 

morphine codeine. 


Some isomers of morphine and codeine are known. cc-Iso»icrphine is a stereo-isomer 
of morphine, a-Isocodeine is a stereo-isomer of codeine. Both of these iso-bases differ 
from their isomer in the different position of the OH-group and the hydrogen atom 
on carbon atom 6. 
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By the action of dehydrating agents on morphine there is produced a P omorphi„e 
C 1 ,H 1 , 0 ,N. which may be regarded both as a phenanthrene derivative and as an 

isoquinoline derivative. 

Apomorphinc has a stimulating action on the central nervous system and causes 
vomiting. 



apomorphinc. 


Thebaine C I9 H 2l 0 3 N, was isolated in 1835 by Pelletier from opium, in which it 
occurs in small amounts. It melts at 103°, [a]JJ = —218° in alcohol. It has a powerful 
toxic action and is not used to any great extent in medicine. 

By the action of dilute sulphuric acid, thebaine is converted into methyl alcohol 
andcod einone; thebaine is theme thyl ether of the enol form of codeinone. (Schopf) 



thebaine 



enol-form of codeinone. 


Carboline alkaloids 

363. Those vegetable bases containing a carboline ring-system belong to this class of 

alkaloids. This system consists of an indole nucleus (315) condensed in the 2—3 position 

with a pyridine ring in the 3 and 4 positions. Some alkaloids are simple derivatives 

of carboline like the harman alkaloids. Some, however, like yohimbine, are more 
complex derivatives: 


NH 



Harman alkaloids. These alkaloids are distributed fairly widely in the vegetable 
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kingdom, c.g. in pcganum karmala, an American lianas. The structure of these alkaloids 
has been elucidated mainly by Perkin and Robinson. 

liar mine C l3 H l2 OX 2 melts at 261° and is optically inactive. Its structure, like that 
of harmaline C, 3 H I4 ON 2 (m.p. 240 ) and of hat man C I2 11 10 X 2 (m.p. 238°), has been 
proved by synthesis: 
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liarman. 


Yohimbine or quebrachinc C 21 H M 0 3 N 2 occurs in the leaves and bark of coryanthc 
yohimbe, the yoliimbe tree which grows in Central Africa. It dilates the blood vessels 
and finds a use in veterinary practice. Its structure has been established by the 
researches of Barger and Scholz, Wibaut and Mendlik, Julian and others. Yohim¬ 
bine contains a —COOCIi 3 -group and an alcoholic hydroxyl group. Dehydrogenation 
of yohimbine with selenium gives yobyrine C I9 II„N 2 . ketoyobyrine C 20 H 16 ON 2 and 
tctrahydroyobynne C 19 H 20 N 2 . When fused with alkali, ketoyobyrine gives 2,3-dimethyl- 
benzoic acid and barman. Other degradation products are hemimellit ic acid 
C 6 H 3 (COOH) 3 — (1,2,3). >«-toluic acid and berberonic acid or pyridine 1,3,4-tricar- 
boxy lie acid. 


CH 



H3COOCHC16 isCH 


yohimbine. 



Strychnos alkaloids 

36.4 A number of alkaloids, of which strychnine and brucine are the most important, 
occur in the seeds of strychnos nux vomica (St. Ignatius’ beans) and in other kinds of 
strychnos; both alkaloids are very poisonous and cause death with violent spasms 
(i.e. contractions of the muscle tissues). Strychnine and brucine were discovered in 
1817 and 1819, respectively, by Pelletier and Caventou. 

Strychnine C 2l H 22 0 2 N 2 is a crystalline compound melting with decomposition be¬ 
tween 268° and 290°, [a] D = —no° (in 80 % alcohol); it is practically insoluble in 
water. A characteristic reaction for strychnine takes place when the substance has 
concentrated sulphuric acid poured upon it and then a crystal of potassium bichromate 
is added; a blue colouration is produced, which passes through violet and red to green. 

The structure of strychnine is at present best represented by Fig. 67 (Sir Robert 
Robinson), which finds confirmation in a complete X-ray analysis of crystals of 
strychinine sulphate and selenate (Bijvoet, Bokhoven, Schone, 1948). 
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Fi". 67. Structure of strychnine according to Sir Robert Robinson 

(with two OCH 3 -groups = brucine). 


This has been deduced from the results of tedious and very difficult researches for 
which we have to thank Hanssen, Tafel and later more especially Leuchs, Robinson 
and Wieland. In this place it is only possible to give a few explanations with regard 
to this structural formula. From the composition of strychnine salts e.g. (C 21 H 22 O a N 2 ) 
HN 0 3 it follows that only one of the two nitrogen atoms has basic properties; this is 
the tertiary nitrogen atom (6). The other nitrogen atom (a) is in a lactam group (194). 
This lactam ring C can be opened by hydrolysis whereby an iminocarboxylic acid 
(C 20 H 22 ON)(NH)COOH is produced; strychnine can be re-formed from this compound 
by elimination of water. By electrolytic reduction of strychnine there is produced 
5 trychnidinc C 21 H 24 ON 2 . in which the group >CO is reduced to >CH 2 . Strychnidine 
gives salts with two equivalents of acid e.g. C 2l H 24 ON 2 .2HCl. 

By very powerful reduction, an oxygen-free base C 2l H 29 N 2 , is finally obtained from 
strychnine; the second oxygen atom in strychnine is present in the form of an ether 
bond. 

By careful catalytic reduction of strychnine or strychnidine, two atoms of 
hydrogen are taken up, which indicates the presence of an easily reducable >C=C< 
bond; this is assumed to be between C (15) and C (8). 

On heating a methyl derivative of strychnine with soda-lime, there is produced 
amongst other things, carbazole (317), derived from the ring system A, B, G. By the 
action of concentrated nitric acid there is eventually produced, via numerous inter¬ 
mediate products, a dinitro-derivative of isatin (316) derived from ring systems 
A and B. 

By degrading strychnine in alkaline media there are produced a number of substan¬ 
ces including indole, 3-ethylindole and 3-indolylethyIamine (tryptamine, compare 
tryptophan 199), derived from rings A and B, carbon atoms 3 and 2 and nitrogen 
atom 1 (6): 



NH 


3-indolylcthylamine. 


Brucine C 23 H 28 0 4 N 2 , is a dimethoxy-derivative of strychnine. It melts at 178°, 
[°0d == — 8o ° * n absolute alcohol. 

Since strychnine and brucine are easily obtained, these alkaloids are used for 
destroying noxious rodents. 



APPENDIX 

HINTS ON SEARCHING THE LITERATURE ON 

ORGANIC CHEMISTRY 

Searching the literature on organic compounds is made possible by the 
use of reference journals, literature indexes and encyclopaedic handbooks. 

The literature on chemical subjects is abstracted practically completely 
in three journals, viz. in Chemical Abstracts (America), the Chemisettes 
Zenlralblatt (Germany) and British Chemical Abstracts 

These journals contain abstracts of articles appearing in the various 
periodicals and usually give a complete account of the experimental data. 

Chemical Abstracts (published by the American Chemical Society) begin 
in 1907 and appear twice monthly. In each number there is an author 
index. Once each year there appears an author index, a formula index 
and a subject index dealing with the articles abstracted the previous year, 
and every ten years, a collective index appears, in which subjects and authors 
appearing during the preceding ten years are arranged alphabetically and 
the subjects very briefly abstracted. 

The Chemisettes Zentralblatt (originally published by the German Chemical 

Society) begins in 1897 as a continuation of the Chemischc Jahresberichte, 
which first appeared in 1847. 

The Zentralblatt appears weekly. In each number there is an author 
index; twice annually an author and a patent index are published and 
subject and formula indexes appear annually. Every five years there appears 
a collective index containing authors’ names and the names and the formulae 
of compounds mentioned during this period. 

In the years after the second world-war, the Zentralblatt has appeared 
temporarily in two different editions, one from the Russian zone and one 
from the American zone of Germany. Both editions carry the same volume 
number but the contents are not identical. The publishing of the journal 
from the American zone has been suspended from January 1st, 1950 and 

the edition from the Russian zone is being published exactly as before the 
war. 

British Chemical Abstracts have been published by the Chemical 
Society of London from 1871 until 1926, when abstracting was taken over 
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by the Bureau of Abstracts. British Abstracts are published in sections, 
which may be purchased separately. The coverage is less thorough than that 
of the American and German abstracts, though some journals are covered 
which arc not abstracted by the other two. The subject indexing compares 
unfavourably with the German and American abstracts and there is no 
regular issue of collective indexes. British Abstracts are widely used in the 

British Isles. 

In Richter’s Lexicon der Kohlenstoffverbindungen are to be found the 
empirical formulae of all compounds known before the end of 1910, arranged 
in order of increasing number of carbon atoms. The formulae of compounds 
from 1911-1921 inclusively, are to be found in Stelzner s Literatur-Register 
der Organischen Chemie and after 1921 they are to be found in the formula- 

indexes of the Chemisches Zentralblatt. 

In Richter, after the formula of a compound, reference are made to the 
description of it in Beilstein’s Handbook (abbreviated to B) discussed 
below. In addition, for each compound, Richter mentions the most impor¬ 
tant original literature. In Stelzner’s indexes, with each particular com¬ 
pound is given all the literature which has appeared on this compound 
during the year under consideration. The same applies to the Zentralblatt 

indexes. 

Below is given a brief summary of the classification of Beilstein s Hand- 
buck der Organischen Chemie. 

In the fourth edition of this handbook the literature to 1910 is collected 
together in 27 volumes or parts of the Hauptwerk; the first Erganzungs- 
werk, consisting of 15 volumes, deals with the literature to 1920; the second 
Erganzungswerk, about half of which is now ready, continues to 193®* 
Subject and formula indexes have appeared for the Hauptwerk and first 
Erganzungswerk together. Further, there are two volumes which are a 
combination of the Hauptwerk and the first Erganzungswerk, viz. a volume 
on natural products (including rubber and carotinoids) and a volume on 
carbohydrates. 

In the contents list in each volume of Beilstein, there is given the various 
classes of compounds dealt with in that particular volume, so that in 
searching for many compounds it is sufficient to consult the contents. 
However, numerous compounds are known, which may be regarded as 
belonging to different classes, because they are derivatives of two or more 
other compounds. In general, such compounds are classified in the latest 
position coming up for consideration. The system followed in Beilstein 
can be studied in a booklet belonging to the main work, Ein Leitfaden fiir 
die Benutzung von Beilsteins Handbuch der Organischen Chemie. Each com¬ 
pound is set down under a definite numerical system; the appropriate 
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system-numbers are printed on ouch volume. For further particulars refer¬ 
ence should be made to the “Leitfaden” just mentioned. 

When once the required compound has been found in Beilsteix, all 
particulars and therefore the most important literature references to this 
particular compound, will be mentioned, so that the original publication 
up to 1930 can always be found from Beilsteix. 

For the literature on compounds described after 1930, a search must be 
made of the indexes of the Zentralblatt or, Chemical Abstracts or in Fi.se- 
vier’s Encyclopaedia of Organic Chemistry. 

The latter handbook will appear in 18 volumes, some of which will 
comprise several parts; the whole will be completed by two volumes of 
general indexes, the system of indexing differs from that of Beilsteix; 
the starting point is not the functional groupings present in the compound, 
but the carbon skeleton, so that all derivatives of the same ringsystem, for 
example, are found together in one volume. 

So far the following volumes have been published: volume 14, dealing 
with compounds belonging to isocyclic ring-systems with four or more 
condensed rings; volume 13 with ring-systems with three condensed rings; 
volume 12 a with bicyclic isocyclic compounds except naphthalene; four 
parts of volume 12 b dealing respectively with naphthalene and its halogeno-, 
nitrogen, hydroxy- and keto-compounds. The four parts deal respectively 
with the literature up to 1936, 1936, 1941 and 1944, inclusively. Supplement¬ 
ary volumes to each of those already published are to be issued at ten yearly 
intervals and the first of these, a supplement to volume 14 covering the 
literature from 1937 to 1946, has already appeared. 

The Dictionary of Organic Compounds edited by Heilbrox, is a book 
which can facilitate the search of the literature. This book lists a large 
number of compounds arranged alphabetically and gives for each one, the 
formula, its physical constants and the original literature where the com¬ 
pound is first described. This dictionary, however, is not complete as regards 
either the substances described or the literature on the compounds mentioned. 

If now it is desired to look up particular methods used in organic chemi¬ 
stry, all kinds of preparative recipes and detailed literature references arc 
to be found in Houben-Weyl, Die Meihoden der Organischen Chemie. The 
book is, however, somewhat out of date. 

The literature on new methods for the synthesis of organic compounds 
is indexed in Theilheimer’s SyntJietische Methoden der Organischen Chemie\ 
improvements of well known and tested older methods, which occur widely 
distributed over all kinds of technical periodicals, are also mentioned. 

The literature for the years 1942-1944 is abstracted in the first volume, 
that for 1945-1946 in the second, that for 1946-1947 and part of 1948 
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in volume 3 and that for 1947-194S and part of 1949 in volume 4. Volume 
3 contains an index to volumes 1-3. An English translation of volumes 1 

and 2 has appeared. 

Excellent recipes for the preparation of numerous organic compounds, 
which have been carefully checked in two or three independent laboratories, 
are to be found in Organic Synthesis, “An annual publication of satisfactory 
methods for the preparation of organic chemicals , 3° volumes of which have 
appeared up to 1950. 

Organic Reactions by Adams, in the production of which many well known 
American organic chemists collaborate, sets out from the idea, that in the 
applications of a particular method or reaction, it is desirable to know 
under what conditions the reaction takes place most satisfactorily. Each 
of the five volumes, which have so far appeared, is a collection of chapters, 
each devoted to one reaction or particular phase of a reaction under 
various possible methods of application. Each author has himself experi¬ 
mented with the method described. Tables complete the text with examples 
of compounds, which are either obtained by this method, or on which the 
method in question has been used. 
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Aliphatic compounds, 36 
-dipole moments. 133 

— diazo-compounds. 328 
Alizarin, 406, 463, 465 

— yellow GGW, 407 
Alkadienes, 133. 333 
Alkali cupri-tartratcs. 214 
Alkaloids, 218. 523, 596—622 

— from tobacco, 599—boi 
Alkanaloximes, 102 
Alkanals, 98, 104 
Alkane, 144 

— carbonyl chlorides, 123 

— carboxylic acids, 77, 114 

— — — monobasic, 112 

— — —physical constants, 113 
Alkanediols, 176, 19S 
Alkanes, 54 

— chemical properties, 31 

— isomerisation, 51 

— nomenclature, 39 

— physical constants, 49 

— tetrahedral structure (theory on), 70 
Alkanesulphonic acids, 80, 81 
Alkanesulphinic acids, 81 
Alkanesulphonyl chlorides, 81 
Alkanol, 57 

Alkanolates, 65, 78 
A1 kanoIs, 56 

— isomeric, 38 

— physical constants, 59 

— secondary; tertiary, 102 
Alknnone oximes, 102 
Alkanoncs, 98, 99, 111 
Alkene, 34. 203 

— carboxylic acids, 162 
-magnesiumlialides, 151 

— oxides, 576 
Alkenes, 54, 93. 134, 335 

— isomerism, 140 

— nomenclature, 135 

— oxidation of 145 

— physical constants, 141 

— polymerisation, 147, 167 
Alkenols, 138 
Alkoxidcs, 65 
Alkoxy-groups, 75 
Alkyl-amines, 81 


INDEX 
Alkylation, 84 

Allcylbenzenes, preparation, 345 
Alkyl bromides, 72 

— chloride, 56 

n-Alkyl chlorides, 77 
Alkyl cyanides, 96 

— fluorides, 74 

— group, 39 

— halides, 171 

— —secondary, 133 
-tertiary, 135 

— iodides, 72 

— isocyanides, 98 

-magnesium compounds, 92 

— nitrates, 74 
-nitrolic acid, 89 

— phosphates, 74 
Alkylphosphines, 89—90 
di-Alkylphosphines, 90 
tri-Alkylphosphines, 90 
Alkylsilanes, 91 

Alkyl sulphates, 74 
Alkyne, 149, 150 
Allantoin, 583, 584 
Allene, 153, 559 

— derivatives, stereostructure, 154 
Allium sativum, 158 
Allocrotonic acid, 164 
Allo-erucic acid, 166 
Allofumaric acid, 199 
Allo-oleic acid, 166 

Alloxan, 582, 592 

Alloxasine, 591 

Allyl alcohol, 157, 158, igj 

— bromide, 157 

— chloride, 157 

— iodide, 157 

— iso-thiocyanate, 251 
o-Allylphenol, 367 
Allyl thiocyanate, 250 
Almond oil, 183 
Almonds, bitter, 327, 353 

-oil. 333, 410 

Amide bonds, 315 
Amine, 244 

— primary, 42S 
Amine-oxides, 80, 86, 88 

— optically active, 221 
Amines, 81, 353 

— aromatic, 376—379 
-primary, 376 

Amines (aromatic), secondary. 378 
-tertiary, 379 

— melting and boiling points, 85 

— (aliphatic), primary 81, 82, 83, 84, 87, 

9 b. 97 . io 3 » 173 . 25 1 
-tests for, 97, 98 

— secondary, 81, 82, 83, 84, 96, 98 

— tertiary, 81, 82, 83, 84, 86, 98 
Aminibenzenes, 349 
4-Amino-acetoveratrone, 614 



SUBJECT I X D EX 


6j5 


Amino-acids, 29S—309. 376 

— physical constants, 309 
Aminoalcohols, 1S9 
4-Aminoantipyrine, 542 
Aminoazobenzene, 400 
p-Aminoazobenzene, 406 
Aminoazo-compovmds, 400 
-dyestuffs, 406 

p-Aminobenzcnesulphonic acid, 385 
p-Aminobenzoic acid, 422 

1- Aminobutyric acid, 306 
o-Aminocinnamaldehyde, 507 

2- Aminoethanol-i, 1S9 
Amino group, 124 

— — reaction on. 124 
Aminohexose, 274 

1- Amino-2-hydroxybutyric acid, 306 

2- Amino-6-hydroxvpurine, 390 
o-Aminomandelic acid, 524 
Aminonaphthalene, 453 
2-Amino-4-nitro-n-propoxybenzene, 422 
Amino peptidases, 322 
p-Aminophenol, 386, 391 
p-Aminophenylarsonic acid, 3S0 

1- Amino-2-phenylethane, 3S2 
C-Aminopurine, 589 
4-Aminopyrazole, 540 

2- Aminopyridine, 562, 564 

3- Aminopyridinc, 564 

4- Aminopyridine, 564 
Aminopyridincs, 563 
2-Aminothiophen, 51S 
4-Aminouracil, 585 
Ammonia, 307 
Ammonium acetate, 93 

— bases, quaternary, 81, 83, 86 

— compounds, optically active, 220 

— iodide, quaternary, 84 

— ions, quaternary, 221 

— salts, quaternary, 81, 82 

-—electronic formulae, 83 

Amphoteric ion, 386 
Amygdalin, 410 
Amydaloside, 283, 410 

Amyl acetate, 128 

— alcohol, 223, 304 

— alcohols, 61, 64 

Amylamine, 85 

iso-Amylamine, 301 
Amylases, 61, 324 
Amyloid, 290 

Amylopectin, 284, 2S8, 289 
Amylose, 285, 288 
Anabasine, 599, 601 
Anaethetic action, 64 
Analysis, elementary, 9 

— (qualitative), 8, 9 

— (quantitative), 9, 10, 11, 12, 13, 14 

— thermal, 437 
Androsterone, 501, 302 
Aneurin, 504, 539. 580 


Aneurin, hydrochloride, 381 
Angelic acid, 163, 163 
Angelica an hangelica, 163 

— root. 208 

Angular anncllation, 460 
Anholium, 383 

An hydroformaldehyde-aniline, 377 
An ill 377 
Anilides, 376 

Aniline, 349. 333, 376, 377. 383, 391, 3 68 

— arsenic compounds, 386 

— physical constants, 378 
-black, 377, 381 

— Blue. 445. 446 

— yellow, 406 
Anilinium ion, 383 
Animal skins, 426 
Anisaldehydc, 413 
Anisolc, 366, 367 
Anisotropy, 388 

Annellation, angular; linear 4G0, 
Anthocyanidins, 332 
Anthocyanins, 532 
Anthocyans, 425 
Anthracene, 332, 4O0 

— oil, 348 

Antlirahydroquinone, 462 
Anthranilic acid, 422, 526 
Anthranol, 463 
Anthraquinone, 46/, 462 

— dyestuffs, 418 

-a-sulphonic acid, 464 

Anthrone, 463 

Antibiotics, 386, 407, 539, 564 
Anti-diazo-compounds. 398 
/ 4 «/i-diazocyanide, 398 

-diazotate, 398 

Antihaemorrhagic action, 303 
Antiknock agent, 55, 92 

— properties, 54 
Antimony hydride, 89 
Antioxidants, 412 

Antipodes. optical, 66, 69, 70, 213. 217 

Antipyrine, 127, 542 

Antiseptic, iodoform as an, 174 

Apiin, 260, 273 

Apionic acid, 260 

Apiose. 259, 260, 273 

Apioside, 275 

Apo-enzyme. 326, 593 

Apo-ferment, 326 

Apomorphine, 620 

Aponal, 243 

Araban, 259, 293 

Arabinose, 253, 259, 293 

d-Arabionsc, 259, 263 

dl-Arabinose, 239 

1 -Arabinose, 259, 293 

Arabitol, 182 

Arachidic acid, 121, 183 

Arachis oil, 184 
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Arbutin, 369 

Archangelica officinalis, 208 
Arctostaphylus uva-ursi, 369 
Arginine, 305 
Argol, 213 

Aromatic alcohols, 409 

— aldehydes 410 

— amines 376 
-primary, 376 

— —secondary, 378 

— carboxylic acids, 417 

— compounds, 332, 333 
-with unsaturated side-chains, 429 

— ketones, 414 

— oximes, 413 

— substitution, mechanism of, 353, 336, 
357 

Aromatics, 53 
Aromatisation, 335 
Arsacetin, 386 
Arsanilic acid, 386 
Arsenobenzene, 401 
Arsine hydride, 89 
Arsines, 90 

— primary, 90 

— tertiary, 90 

Arsonium bases, quaternary, 90 
Artichokes, 289 
Artificial musk, 334 

— resins, 153 

— rubber, 133, 155 

— silk, 293, 294 
Ascorbic acid, 273, 503 
1-Ascorbic acid, 272 
Asparagine, 304 
Aspartic acid, 304, 308 
Aspergillus niger, 424 
Asperula odorata, 432 
Asphalt, 53, 54 
Aspirin, 423 
Association, 77 
Astacin, 309 
Astacone, 509 
Astacus, 309 
Asymmetric atoms, 70 

— carbon atom, 65, 06 , 69 

— synthesis, 327 

— — partial, 327 
Asymmetry, molecular, 69 
Atomic distances, 71 
Atoxyl, 386 

Atrolactic acid, 427 
Atropa belladonna, 601 
Atropic acid, 427 
Atropine, 427, 601 
An rant ia, 383 
Aurin, 449 
Autoxiclation, 411 
Auxin, a, b, 477 
Auxochromic groups, 405 
Avcrtin, 188 


Avogadro’s number, 122 
Axerophtol, 505, 509 
Azelaic acid, 166, 197 
Azeotropic mixtures, 25, 61 
Azobenzene, 388, 392 
Azo-compounds, 396 

-dyes, basic, 406 

-dyestuffs, 383, 400, 406, 423 

-dyestuffs acid, 407 

Azoxybenzene, 387, 391 
p-Azoxyphenetole, 388 
Azulmic acid, 191 

Bacillus aceto-aethylicus, 112 

— amylobacter, 64 

— acidi laevolactici, 219 

— Delbriicki, 208 

— lactis acidi, 208 

— macerans, 112 
Bacteria, putrifying, 306 
Bacterium pseudomona saccharophila 

Doudoroff, 282 
Baeyer’s reaction, 142 

— strain theory, 473 
Barbituric acid, 578, 579 
Barley, germinated, 61 
Basic dyes, 405 
Bathochromic effect, 404 
Bay-oil, 184 
Bearbcrry, 369 

Beckmann transformation, 103, 170, 416 

Bed formula for cyclohexane, 473 

Beer’s law, 33 

Bee’s wax, 64, 127 

Beetroot juice, 302 

Beet-sugar, 282 

Behenic acid, 184 

Bcilstein test, 9 

Benzalaniline, 377 

Benzal bromide, 332 

— chloride, 352 

Benzaldehyde, 283, 333, 410, 411 
Benzaldehydephenylhydrazone, 411 
Benzaldoxime, 416 
Benzalphenylhydroxylamine, 391 
Benzamide, 419 
Benzedrine, 384 

Benzene, 15, 53, 152, 333, 334, 335. 337 . 
347 . 348 

Benzene, derivatives, 332 

— derivatives, dipole moments, 358, 359 
-isomerism, 343 

— — nomenclature, 343 
-orientation of, 433 

— physical constants, 346 

— carbonitrile, 395, 417 

— carboxylic acid, 417 
—- -diazohydroxyde, 397 

-diazonium borofluoride, 395 

-diazonium chloride, 393, 399 

-diazoniumsulphonic acid, 393 
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Benzene, liexachloride, 335, 338 
—- nucleus, 343 

— series, hydrocarbons, 333 

— sulphonic acid, 335, 360 

Benzenes (mono-halogeno), physical con¬ 
stants, 349 
Benzfuran, 516 
Benzidine, 389, 440 
Benzihydropyran, 548 
* Benzine, 53 

Benzoic acid, 3, 129, 302. 333, 352. 412, 
417, 418, 605 

-physical constants, 420 

— —sulplionimide, 421 

— anhydride, 419 
Benzoin, 411 
Benzol, 344 

Benzonitrile, 416, 418, 419 
Benzophcnone, 380, 414 
Benzopurpurins, 405, 408 
Benzopyrrole, 523, 524 
p-Benzoquinone, 370 
o-Benzoylbenzoic acid, 461 
Benzoyl chloride, 411, 419 

— peroxide, 419 
Benzpinacone, 415 
Benzpyran, derivatives, 548 
Benz-a-pyrone, 548 
Benz-y-pyrone, 548 
Benzpyroxonium compounds, 331 
Benzyl alcohol, 409 

-amine, 359, 382 

— bromide, 351 

— halides, 351 
Benzylideneaniline, 411 
Bergius process, 55 
Berthelot bomb, 33 

— method of (determination of heat of 
combustion), 35 

— method of (sodium formate), 117 
Betaine, 302, 393 

Bicyclic terpenes, 487—490 
Bile acids, 495, 496 
Biocatalysts, 324 

Biochemical synthesis of proteins, 323 
Bismarck brown, 407 
Bitumen, 347 
Bituminous brown coal, 52 

— coals, 347 
Biuret, 241, 242 
Biuret reaction, 242, 311 
Bladder stones, 306 
Blanc’s rule, 484 
Blasting gelatine, 181 
Blood, 179, 523 
Blumea balsamifera, 492 

Boiling point, molecular elevation, 18, 
19 

Bone-oil, 554 
Borneo-camphor, 492 
Bomeol, 490, 492, 493 


Bornyl chloride, 392 

Borosalicylic acid. 423 

Bottom yeast, 298 

Bouvcault and Blanc, method of, 196 

Brandy, 62 

Brassica campestris, 166 
Brassidic acid, 166 
Bread, 289 
Brewer’s yeast, 327 
Bromoanthraquinone, 461 
Bromoazobenzene, 387 
Bromobenzene, 348. 349 
Bromoethene, 156, 157 
Bromoform 173 

i-Bromonaphthalenc, 457 
Bromophenols, 373 
i-Bromopropene- 1 , 136, 137 

1- Bromopropenc-2, 137 

2- Bromopropcne-i, 156, 137 

2- Bromopyridine, 562 

3- Bromopyridine, 563 
2-Bromothiazole, 339 
Bromural, 243 
Brownian movement, 319 
Brucine, 621, 622 
Butadiene, 153, 155 
Butadiene-1, 3, 134 
Butan-3-one 1-carboxylic acid, 234 
Butane, 39, 53 

iso-Butane, 42, 53 
n-Butane, 153 
Butane carbonitrile, 96 

— 2-carboxylic acid, 196, 210 

— 1,4-dicarboxylic acid, 197 
Butancdialdoxime, 519 
Butane-1,2,3,4-tetroal, 182 
Butanol, 60 

Butanol-i, 64 
Butanols, 56, 63 
Butanone, 99 
2-Butenal, 160 
Butene, 41, 140 
iso-Butene, 140 
Butter, 183 
Butyl, 41 

— alcohol, 298 

— — primary, 64 
iso-Butylalcohol, primary, 64 
Butylamine, 85 
fso-Butylamine, 83 
Butyne, 149 

Butyric acid, 114, 121, 298 

— acids, 120 
y-Butyrolactam, 301 

Cacodyl chloride, 90 

— compounds, 90 

— oxide, 90 
Cadaverine, 188, 305 
Caesalpinia-species, 551 
Caffeine, 587, 588 
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Calciferol, 500, 501 
Calcium carbamate, 243 

— carbide, 152, 153 

— glycerate, 181 

— lactate, 209 
Cajeput oil, 483 
Californian oils, 53 
Camomile-oil, Italian, 347 
Camphane, 488, 491, 493 
Camphor, 18, 491, 49 2 
//-Camphor, 493 
Camphor, oil of, 368 
Camphoric acid, 491 
Camphorquinone, 491 
Camphors, 490—493 
//-Camphor sulphonic acid, 154 
Cancerous tumors, 309 
Cane-sugar, 3, 208, 280, 282 
Cannizzaro reaction, 108, no, 228, 231, 

4 b. 5 M 

Caoutchouc, 155, 493 
Capric acid, 121 
Caproic acid, 121, 184 
Ca pry lie acid, 121 
Capsaicine, 597 
Capsicum-species, 597 
Caramel, 280 
Carane, 488 
Caraway-oil, 347, 486 
Carbamic acid, 242 
Carbamide, 240 
Carbazole, 528 
Carbide, 95 
Carbides, 55 
Carbinol-base, 446 
Carbocin-chomeronic acid, 565 
a-Carbocinchomeronic acid, 614 
Carbocyclic compounds, 36, 332 
Carbohydrases, 324 
Carbohydrates, 251 
Carbolic acid, 348, 364 

— oil, 348 
Carboline, 620 
Carboline alkaloids, 620 

Carbon, method of determination, 9, 10 

— tetravalency, 43 

— atom, asymmetric, 63, 66 ,69 
Carbon, atom primary, 46, 59 
-quaternary, 46 

— — secundary 46, 59 

— tertiary, 46, 59, 353 

— chains, 45, 71 

— — branched, 46 

-normal, 46 

Carbonamides, 129 
Carbon disulphide, 245 

— double bond, reaction on, 142 

— — —stcrochemistry, 138 
-hydrazides, 132 

— oxychloride, 173, 239 

— oxysulphide, 246 


INDEX 

Carbon rings, spirocyclic, 559 

— suboxide, 197 

— subsulphide, 246 

— tetrachloride, 174 
Carbonitriles, 95, 9b, 103, 130 
Carbonium ion, 335, 356, 447 

— salts, 447 
Carbonic acid, 239 

— —derivatives, 239 
Carbonisation of coal, 347 
tso-Carbonitriles, 95, 96 
Carbonyl chloride, 239 

— group, hi 
C arbostyril, 570. 571 
Carboxylase, 297, 298 
Carboxyl group, 113 
Carboxylic acids, 96, 113, 114 

-aromatic 417 

Carboxypeptidases, 322 
Carbylamines, 95, 96, 97, 98, 173 

— boiling points, 98 
Carene, 488 
Caretinoids, 533 
Carica papaya, 322 

Carius, method of (determination of halo¬ 
gens), 12, 14 
Camauba wax, 64, 127 
Carotene(s), 479, 305, 506,507,308,309, 

537 

a-Carotene, 506, 507, 508 
p-Carotene, 306, 507, 508 
Y-Carotene, 506, 307, 508 
Carotenoids, 305-510 
Carum carvi, 486 
Carvacrol, 487 
Carvone, 486 
Carvoxime, 486, 487 
Casein, 312 
Castor oil, 184, 197 
Cate chin, 425 
Catechins, 554 
Catechol, 269. 367, 368, 373 
Cationoid substitution, 356 
Cellobiose, 278, 293 
Celluloid, 294 

Cellulose. 52, 275, 284, 289, 347 

— reserve, 292 
Cellulose, acetate, 290 

— nitrates, 294 

— trinitrate, 290, 294 

— xanthate, 295 
Cephalin, 190 

Cerotic acid, 127, 183, 184 
Cetyl alcohol, 64 

— palmitate, 127 

Chair formula for cyclohexane, 473 
Charcoal, wood, 60 
Chaulmoogra-oil, 477 
Chaulmoogric acid, 477 
Chemical structure theory, 6, 42, 47 
Chemistry, organic, 3. 7 
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Chitin, 275 
Chloral, 202, 203, 205 
— hydrate, 109, 202, 203 
/>-Chloroacetanilide, 384 
Chloroalkanols, 144 
Chlorobenzene, 26, J95 
^-Chlorobcnzenediazo-cyanidc, 398 
wi-Chlorobenzoic acid, 420 
4-Chlorobiitadienc-i .2, 133 
2-Chlorobutyric acid, 204 
£-ChIoro-»/-cresol, 373 

2- Chloroethanol, 178, 18S 
Chloroethenc, 157 
Chloroform, 93. 112, 172, 203 
o-Chlorophenol, 373 
/>-Chlorophenol, 373 
Chlorophora tinctoria, 531 
Chlorophyll, 53, 159. 506, 308, 523 
Chlorophyll-fl, 535. 536, 537 
Chlorophyll-^, 535, 537 
Chlorophyllase, 536 
Chlorophyllide-a, 535 
Chlorophylls, 535-537 
Chloroprene, 153 

3- Chloropropane i-carbonitrile, 305 
i-Chloro-propene-2, 157 

1- Chloropropyne-2, 157 

2- Chloropyridine, 563 
/-Chlorosuccinic acid, 225 
Cholanic acid, 497, 499 
Cholatriene carboxylic acid, 499 
Cholestanol, 498 
Cholesterin, 495 
Cholesterol, 495, 496, 497 

•—structure, 498 
Cholic acid, 496, 497, 499 
Chondrosamine, 275 
Chroman, 548 

Chromatographic absorption, method of, 
221 

Chromatographic adsorption method, 506. 
508 

Chromone, 548 
Chromophoric groups, 402 
Chromoproteins, 313 
Chrysin, 551 
Chrysoidine, 406 
Chymotrypsinase, 322 
Cincholoiponic acid, 608, 609, 610 
Cinchomeronic acid, 565, 572 
Cinchona alkaloids, 607 

— bark, 370, 596 

— ledgeriana, 614 

-species, 607, 608 

Cinchonicine, 609 
Cinchonidine, 613 

Cinchonine, 571, 596, 606, 608, 609 
Cinchoninic acid, 577, 610 
Cinchotoxine, 609 
Cineol, 484, 485 
Cinnamic acid, 606 


( KV) 

Cinnamonnim caniphora, 490 
Cinnamylcocainc, 6o<> 

Os-figuration (stereochemical). 199, 200 

Cis-trans isomerism, 200 

Citral, i6r, 478, 482 

Citric acid, 3, 227, 298 

Cit rone Hal, 160, 482 

Citronella oil, 160 

Citronnellol, 158, 159 

Citrulline, 305 

Citrullus vulgaris, 305 

Civet, 4S1 

Civetone, 481 

Claisen, condensation of, 229, 232 

— transformation, 367 

— and Wislicenus, ester condensation of, 
471 

Claisen and Wislicenus, method of, 229, 
230 

Clemmcnsen's method of reduction, 472 
Clupcine, 312 

Coagulated state, proteins in, 310 
Coal, bituminous, 347 

— — brown, 52 

— carbonisation, 347 

— -gas, 347 

-tar, 345, 347, 364. 453, 460, 477, 516, 

523 . 528.555. 559, 5 ^ 7 . 572 
Coca-alkaloids, 604 
Cocaethyline, 607 
Coca-leaves, Japanese, 606 

-Peruvian, 598 

Cocaine, 523, 605 
cf-^-Cocaine, 606 
Cocoa-butter, 184 
Cocoanut oil, 184 
Codeine, 617, 619 

— reaction for, 617 
a-iso-Codeine, 619 
Codeinone, 617, 618 

— (end-form), 620 
Co-enzyme, 326, 593 
Co-ferment, 326 

— of Warburg, 595 
Coffea arabica, 588 
Coffee, 587 
Cognac, 62 
Coke-oven gas, 348 
Collagen, 312, 314, 426 
P-Collidine, 561 
Collidines, 560 
Collodion, 294 

Colour and structure relation (rosaniline 
dyes), 446 

Colour of reflection, 445 
Colophony, 489 

Combustion, molecular heat of, 34 
Compound radical, 90 
Condensation of Claisen, 229, 232 
Condensed rings, compounds with, 332 
Congo red, 408 
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Conhydrine, 598 
Coniferoside, 368 
Coniferyl oil, 368 
Coniine, 561, 562, 398 
^/-Coniine, 562 
Conium alkaloids, 598 

— maculatum, 598 
Conjugated double bonds, 154, 155 
Conjugated system of Thiele. 155 
Constancy of substitution type, rule, 437 
Conyrine, 561 

Copolymerisation, 169 
Co pro porphyrin, 534 
Coprosterol, 496, 499 
Corals, 312 
Coraminc, 565 
Cori's ester, 282, 288 
Corn, 61 

Corpus luteum, 502 
Corticosterone, 503 
Coryanthe yohimbe, 621 
Cotton, 289 

— effect, 328 
Coumaran, 516 
Coumarin, 432 
Coumarinic acid, 432 
Coumarone, 516 

Couper and Kekule, theory of, 42 
Covalent bond, 47 
Cozymase, 297, 326, 594, 596 
Cracking, 54, 144 

— process, Dubb's, 54 
Cream of tartar, 213 
Creatine, 302 
Creatinine, 302 
Creosote oil, 348 
Cresols, 364, 366 
Crocetin, 507, 509 
Croc in, 509 

Croton aldehyde, 160 

Crotonic acid, 163, 164, 200, 204, 207 

Croton oil, 164 

Cryptonine alkaloids, 617 

Cryptopine, 617 

Crystalline liquids, 388 

Crystallisation, fractional, 29 

Crystallites, 292 

Crystal Violet, 445 

Cuprammonium process, 295 

Curtius reaction, 244 

Cyamclkle, 249 

Cyanamide, 248 

Cyan hydrins, 102 

Cyanhydrin synthesis, 206, 211, 224 
Cyanic acid, 246 
iso-Cyanic acid, 42, 131, 247 
Cyan id in chloride, 552 
Cyanine Blue, 57 1 
Cyanoacetic acid, 195 
o-Cyanobenzymide, 528 
Cyanogen, 94 


Cyanogen chloride, 247 

— gas. 5 

Cyano-group, 93, 94 
Cyanomethane carboxylic acid, 195 
Cyanuric acid, 247, 248 
Cyclanes, 52, 332, 469 

— physical constants, 476 
Cyclic compounds, 36 

— hydrocarbons, 53 

— imines 198, 576 
Cyclobutane, 469, 470 
Cyclobutyl carbinol, 475 
Cycloheptadecenone, 481 
Cycloheptane, 472 
Cyclohexadiene, 341 

Cyclohexane, 52, 197. 335 . 337 . 47 *. 472 . 
475 

Cyclohexane, “bed” and “chair” for¬ 
mulae, 473 

Cyclohexanedione, 370 
1,4-cyclohexanedione, 471 
Cyclohexane-1,3,5-trione, 369 
Cyclohexanol, 197. 47 1 . 47 8 
Cyclohexanone, 370, 471 
Cyclohexene, 341, 471 
Cyclo-octatetraene, 342 
Cyclopentadiene, 477 
Cyclopentane, 52, 470, 471, 475 
Cyclopentanediol, 474 
Cyclopentane-1,2-diol, 474 
Cyclopentanol 475 
Cyclopropane, 469 
Cymlx>pogon flexosus, 161 
— nardus, 160 
Cymene, 333, 347 
Cysteine, 306, 308 
Cystine, 306, 314 
Cytidine, 590 
Cytosine, 580, 590 
Cytosyl-cf-ribofuranoside, 590 

Dahlia tubers, 289 
Datura stramonium, 601 
Daucus carota, 506 
D.D.T., 442 

Decahydronaphthalene, 456 
Decahydronaphthols, 458 
Decahydroquinoline, 569, 570 
Decalin, 456 
Decalols, 458 

Decamethyl-methylcellotrioside, 291 
Decelenic acid, 597 
Decenic acid, 183 
Dehydrases, 299 
7-Dehydrocholesterol, 501 
Dehydrogenases, 324 
Delphinidin chloride, 553 
Delphinin, 554 
Delphinium consolida, 554 
Denaturation of proteins, 310 
Density, specific, 31 
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Depressiemeter, Eykman, 18, 19 
Depression of the freezing point, method 
of determination, 17, 18 
Depression of the freezing point, mole¬ 
cular, 17 
Depsides, 425 
Desmotropism, 236 
2-Desoxy-rf-ribose, 590 
Desoxy-sugars, 590 
Developed dyestuffs, 406 
Dextrin (s) 287, 289 
Dextrose, 260 
Diabetes, 186 

— mellitus, 112, 209 
Diacetonamine, m 
Diacetone alcohol, 112 
Diacetyl, 228. 229, 339, 454 
Diacetyltartaric acid, 224 
Dial, 579 

1,1-Dialkoxy-alkanes, 103 
Dialkylketenes, 162 
Dialkylmagnesium compounds, 92 
Dialkylphosphines, 90 
Dialkylphosphonous acids, 90 
Dialkylsulpliones, 80 
Dialkylsulphoxides, 80 
Dialkylzinc, 91 
Diallylbarbituric acid, 579 
Diallyl disulphide, 158 
Diamines, 188 
Diaminoazobenzene, 406 
Diaminobenzenes, 381 

1.4- Diaminobutane, 188 

4.4- Diaminodiphenyl, 389 
Diamino-mono-cartx>xylic acids, 304 

1.5- Diamino-pentane, 188 
Diastase, 61, 275, 287 
Diastases, 324 
Diazines, 575 

Diazoacetic esters, 328, 329 
Diazoaminobenzene, 399 
Diazo-compounds, 9, 396, 397 

— aliphatic, 328 
Diazoethers, 399 
Diazohydroxybenzenes, 397 
Diazomethane, 149, 330, 509 
Diazomcthylaminobenzene, 399 
Diazonium compounds, 363 

— salts, reactions of, 394-396 
Diazo-oxides, 400 
150-Diazotates, 398 
Diazotisation, 393 

Di-basic acid, 179 
Dibasic acids, 191 
-anhydrides, 198 

-(saturated) physical constants, 192 

— hydroxy-acids, 210 
Dibenzanthrone, 465 
Dibenzoparathiazine, 574 
Dibenzopyrrole, 528 
Dibenzpyridine, linear, 572 
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Dibenzyl, 441 
iw-Dibromobenzene, 336 
o-Dibromobenzene, 330 
/>-Dibromobenzcne, 336 

2.5- Dibromofuran, 514 
6,6'-Dibromoindigo, 527 
Dibromolacvulic acid, 234 

1.3- Dibromopropane, 175 

2.6- Dibromopyridine, 5O2 
3.5-Dibromopyridine, 563 
Dicarboxylic acid, 193 

1.2- Dicarboxylic acids, 211 
Dichloroacetylene, 157 

1, i-Dichlorodiethyl sulphide, 79 

2.2- Dichlorodiethyl sulphide, 79 
Dichloroethanc, 136 

1.1- Dichloroethane, 174 

1.2- Dichloroethane, 174 

1.2- Dichloroethene, 175 
Dichloroethyne, 157 

1.4- Dichloromenthane, 488 
Dichloromethane, 172 
Dichloropropane, 136 
Dichroism, circular, 328 
Dicotyledons, 597 
Dicyanogen, 94, 190 
Dicyclopentadiene, 477 
Didepside, 423 
Diels-Alder addition, 480 
Diene-synthesis, 479 
Dienophylic component, 480 
Diesel oil, 53 

1.2- Diethoxyethane, 178 
Diethyl ethylmalonate, 195 
Diethylbarbituric acid, 578, 579 
Diethyl carbonate, 240 

— disulphide, 80 

— ether. 75, 76, 77 

— fumarate, 202 

-succinylsuccinate, 472 

— sulphate, 74 
Diglucosides, 553 
£-Dihalogenobenzene, 350 
Dihydric alcohols, 146 
Dihydrocinchonidine, 613 
Dihydrocinchonine, 613 
Dihydro-cozymase, 297 

1.4- Dihydronaphthalcne, 456 
Dihydrophenanthrene, 466 
Dihydropyrazole, 541 
Dihydroquinidine, 614 
Dihydroquinine, 613, 614 
Dihydroquinoline, 567 
wi-Dihydroxybenzene, 368 
Dihydroxybcnzene acids, 424 
Dihydroxybenzenes, 367 

3.4- Dihydroxybenzoic acid, 293 
Di-(hydroxycthyl) peroxide, 146 
Dihydroxytartaric acid, 543 
Diiodomethane, 172 
Diiodopurine, 586 
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Dikctenc, 162 
Diketones, 228, 233 
Diketopipcrazine, 316 
Dikctopiperazincs, 301 
Dilute solution, theory of (van't Hoff), 17 
Dimer, 105 
— of ketene, 162 
Dimers (alkenes), 147 
Dimctheneimine, 576 
o- Dimethoxybenzene, 614 
Dimethylallene, 155 
Dimcthylalloxan, 588 
Dimetliylamine, 82, S5, 380 
Dimethylaminoazobenzenesulphonic acid, 
407 

4-Dimethy lamino-2,3-dimethyl-1-phenyl- 
pyrazolone, 542 
Dimethylaniline, 379, 380, 445 
Dimcthylbenzenes, 348 

2.3- Dimethylbutane-2,3-diol, 177 

3.3- Dimethylbutanone, 177 
Dimethyldiophen, 516 
Dimethyl ether, 77 

2.5- Dimethylfuran, 513 
Dimethyl glyoxal, 555 

2.5- Dimethyliso-oxazole, 538 
Dimethyl ketone, 99 
Dimethylarsien, 90 

2.3- Dimethylnaphthalene, 454 

2.4- Dimetliyloxazole, 538 
Dimethylphenylpyrazolene, 542 
Dimethylphosphonous acid, 90 
Dimethyl phthalate, 428 

3.5- Dimethylpyrazole, 541 

2.6- Dimethylpyridine, 561 
Dimethylpyridines, 560 
Dimethylpyrone, 547 

2.4- Dimethylpyrrole, 521, 522 

2.3- Dimethylquinoline, 569 
Dimethylsaccharic acid, 277 
Dimethylsuccinic acid, 517 
Dimethyl sulphate, 74, 75, 85 
/-Dimcthyltartaric acid, 281 

2.5- Dimethylthiophcn, 517 

3.4- Dimethylthiophen, 317 

1.3- Dimethylxanthine, 589 
Dimorphism, 503 
Dinitroalkanes, 188 
Dinitrobenzcnes, 353 
Dinitrodiphenic acid, 440 

2.4- Dinitrophenylpyridinium chloride, 
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m-Dinitrotoluene, 353 
o-Dinitrotoluene, 353 
/>-Dinitrotoluene. 353 
Diones, 228 

1.3- Diones, 229 

1.4- Diones, 233 

1.4- Dioxan, 179 
Dioxindole, 523, 324 
Dipentene, 486 


Dipeptidases, 322 
Di-peptide, 316 
Diphenic acid, 465 
Diphenyl, 440, 441 
Diphenylamine, 376, 378 
Diphenylbenzoquinone, 372 
Diphenyl ether, 364, 366 
Diphenylfulvene, 477 
Diphenylmethane, 346, 441 
Diphenylmercury, 362 
Diphenylnitrosamine, 452 
Dipole moments, 70, 132, 133 

-of benzene derivatives, 358, 359 

Dippel's bone oil, 559 

— oil, 518 

Dipyrrylmethane, 532 
Disaccharide, 252 
Disaccharides, 275—283 
Disinfectant, internal, no 
Disinfectants, 373 
Dispersion, molecular, 32, 141 
Dissymmdtrie moteculaire, 66 
Dissymmetry, principle of molecular, 70 
Distillation, 22 

— of wood, dry, 119 

— fractional, 22 

— under reduced pressure, 25 

— with steam, 25 
Distilled alcoholic liquors, 62 
Disulphonic acids, 362 
Disacryl, 160 
Dithioalkanes, 80 
Dithio-diethane, 80 
Diuretin, 587 
Diuridomalonic acid, 584 
Divinyl, 154 

Dobner-Miller synthesis (quinoline), 568, 
570 

Dock, 193 

Dodecafluorocyclohexane, 349 
Dodecane, 39 

Double, bonds, conjugated, 154, 155 
Dry distillation, coal, 347 

-wood, 60, 119 

Drying oil, 184 
Dryobalanops aromatica, 492 
Dubb’s cracking process, 54 
Dulcin, 421 
Dulcitol, 182 

Dumas, method of (determination of 
nitrogen) 11, 14 
Duprene, 153 
“Dutch chemists”, 135 
Dutenes, 147 
Dyeing, 405—406 
Dyes, acid; basic, 405 
Dyes, rosolic acid, 449 

— “substantive”, 405 
Dyestuff, mordant, 408 
Dyestuffs, 60, 405—409, 440 

— (alkohalides of quinoline etc.), 571 
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Dyestuffs anthraquinone, 418 

— colour; structure, 401-405 

— developed, 406 

— mordant, 551 

— organic, 62 

— phthalein, 447 

— rosaniline, 446 
safranine, 577 

— thiazinc, 574 
Dynamite, 181 

Ebonite, 403 
Ecgonine, 605, 606 
Edeleanu, method of, 53 
Edestin, 312, 320 
Elaidic acid, 166 
Elaidinisation, 166 
Elastin, 312 
Electric discharge, 94 
Electrolytic dissociation, 115 
Electron diffraction, 71 

— octet, 48 

Electronic formulae, 47 

— —of nitro-compounds, 88 

— structure of alcohols, 57 
77-Electrons, 404 
Electrons, lone pairs of, 57, S6 
Electrophilic substitution, 356 
Elementary analysis, 9 

— micro-analysis, 14 

Elevation of boiling point, Eykman 
apparatus for determination, 20 
Elevation of boiling point, molecular, 18, 
19 

Emodins, 465 
Emulsinase, 283, 327, 427 
Encrusted substances, 293 
Enediol-group, 272 
Enolase, 297 
Enterokinase, 322 

Enzymatic degradation of proteins, 321 

— reactions, 324 

Enzyme, yellow respiratory (Warburg), 
593 

Enzymes, 61, 185, 324, 504 

— hydrogen-transfering, 593 

— specific action of, 326 
Eosin, 449 

Ephedra sinica, 383 
Ephedrinc, 382, 383 
^-Ephedrine, 383 
Epicatechin, 554 
/-Epicatechin, 554 
Epicholestanol, 502 
Epoxyethane, 178 
Epoxy-oxygen atom, 254 
Equilenin, 503 
Equilin, 503 
Ergosterol, 496, 500 
Ergot, 382, 545 
Erlenmeyer's rule, 158 

* 
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Erucic acid, 162, 166 
Erythrene, 154 
Erythritol, 182 
Erythroxylon coca, 604 

Essential oils, 64, 121, 158, 161, 347, 482, 
486, 492 
Esterases, 324 
Esters, 60, 72, 123, 125, 126 
Ethanal, 99 
JU-Ethanal, 106 
/>-Ethanal, 106 
Ethanal acid, 51, 231 
Ethane, 39, 4 *. I 5 I 
Ethanedial, 227, 228 
Ethane 1,2-dicarboxylic acid. 196 
Ethane-i,2-diol, 178, 211 
Ethane sulphonic acid, 81 

— tricarboxylic acid, 197 
Ethanol, 56, 60, 64 
Ethanolamine, 189, 190 
Ethene, 61, 735 

— carboxylic acid, 158, 163, joi 

— 1,2-dicarboxylic acids, 199 

— oxide, 178, 179 
Ethenol, 158 
Ethenone, 162 
Ether, 76 
Ethers, 60, 75 

— mixed, 75 

— nomenclature, 75 

— of phenol, 366 
2-Ethoxyethanol, 178 
Ethoxypentane, 75 
Ethyl acrylate, 306 

— acetoacetate, 127, 162, 232, 235, 546 

— alcohol, 3, 5, 60, 62 

— —reaction on, 62 

— amine, 84, 85. 97 

— benzoates, 419 
Ethyl bromide, 7J 
-carbylamine, 95, 98 

— chloroacetate, 197 

— chlorides, 73 

— hypochlorite, 202 

— iodide, 87 

-malonic acid, 195 

— pyrazole tricarboxylate, 541 
2-Ethylpyridine, 559 
j-Ethylquinuclidine, 610 
i-Ethylquinuclidine hydriodide, 611 
Ethyl Red, 572 

-sulphuric acid, 75, 144, 360 

-zinc iodide, 91 

Ethylene, 5, 136, 178 
-diamine, 576 

— glycol, 178 

— oxyde, 409 
Ethylidene diacctate, 158 
Ethyne, 149 

— polymerisation, 152 

— carboxylic acid, 170 



SUBJECT INDEX 


644 

Eucalyptus-oil, 347 
Eugenia caryophallata, 368 
Eugenol, 368, 413 
iso-Eugenol, 368, 413 
Even number of atoms rule, 134 
Exaltation of the conjugated system, 133 
Extinction coefficient, 33 

— curve, 34 
Extraction, 26 

Eykman apparatus for determination of 
elevation of boiling point, 20 

— deprcssiemeter, 18, 19 

— pycnometer, 31 

Famesol, 159 
Fat hardening, 187 
Fats, 4, 182 

— soft, 186 

— technical applications, 186 
Fatty acid, 3 

Fatty acids, 114, 121 

— —volatile, 184 

— — (higher), molecular dimensions, 122 

— bodies, 36 
Febrifuge, 386 

Fehling’s solution, 213. 214, 252, 289 
Female scx-liormones, 502 
Fenton’s method, 279 

Ferment, yellow respiratory - of Warburg. 
326 

Fermentation, 60, 61 

— alcoholic, 295, 296, 298, 324 

— industries, 275 

— process, 298 
Ferments, 324 
Ferric thiocyanate, 250 
Fibre-like structure, 493 
Fibrinigen, 312 
Fibroin, 314 

Filter paper, 289 

Fischer (E.), method of, 184, 185, 270, 
525 

— (I*.) and Tropsch, method of, 55 
Fittig, method of, 453 

— reaction of, 207, 517 

— synthesis, 345, 350 
Flavone, 549, 550 
Flavones, 548, 549 
Flavonol, 551 
Flavonols, 425 
Flavylium chloride, 552 
Fluorane, 448 
Fluorcne, 441 
Fluorescein, 449 
Fluorobenzenc, 395 

a-Follicle hormone, 502 
a-Folliclc hormone hydrate, 502 
Follicular hormones, 302 
Formaldehyde, 51, 60, 85, 99, 109, ill 
Fonnamidc, 130 
Formica rufa, 11 7 


Formic acid, 5, 51, 77, 93 . 97 . ** 7 » IX 9 . 
193 

-dimer, 78 

Formosul, 527 
Formula of Lorentz, 32 
Fractional crystallisation, 29 

— distillation, 22, 53 
Fraxinus omus, 182 

Free radicals, 41, 52, 177, 450, 451 

— valencies, 168 

Freezing point, depression; lowering of 
the, 17 

Friedel and Crafts, method of (preparation 
methyl- and ethyl-naphthalene), 455 

— reaction, 518 

— synthesis, 345, 346, 412 
Friedlander synthesis, (quinoline), 568 
Fructose, 182, 266 

rf-Fructose, 260, 289, 326 

Fruit essences, 126 

Fuchsine, 444 

Fuel oil, 55 

Fulminic acid, 42, 249 

Fulvene, 477 

Fulvenes, 477 

Fumaria officinalis, 199 

Fumaric acid, 199, 200, 201, 210, 216 

Functional group, 56 

Furan, 332, 513, 514 

— reaction on, 514 

— 2-carboxylic acid, 514, 515 

— 2,5-dicar boxy lie acid, 515 

— ring. 257 
Furanal, 514 
Furanoid structure, 289 

— sugars, 257 
Furanoses, 257 
Furfur, 514 
Furfural, 514 

— reaction on, 515 
Furfuraldehyde, 260, 514 
Furfuryl alcohol, 514 
Furoin, 515 

Fusel oil, 61, 64, 65, 298 
Fustic, 551 

Gabriel, method of, 579 
Galactan, 293 
Galactans, 260 
Galactosamine, 312 
Galactose, 182, 255, 293 
rf-Galactose, 260, 265, 290, 293 
Galacturonic acid, 293 
rf-Galacturonic acid, 293 
Gallic acid. 3, 369, 424. 425 
Galloylgallic acid, 425 
Galls, 425 
Gall-stones, 581 
Gambir, 425, 554 
Garlick oil of, 158 
Gastric juice, 208 
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Gas-works, 347 
Gattcrman. method of, 321 
Gelatine, 301, 312 

— blasting, 181 

— -sugar, 301 
Gentiobiose, 282, 283, 309 
Geranic acid, 161 

Geraniol, 138, 139. 161, 482, 243 
Geranium oil, 139 
Geronic acid, 307 
isoGeronic acid, 507, 308 
Gin, 62 

Glacial acetic acid, 199 
Gland hormone, 307 
Gliadins, 31 2 
Globulins, 311, 312 
rf-Gluconic acid, 263, 268 
Gluconamide, 239 
Glucosamine, 274, 273, 312 
Glucosaminic acid, 274 
Glucose, 60, 61, 208, 231, 263, 293, 410, 
424, 423 

a-GIucose, 267, 269 
(i-Glucose, 268 

^-Glucose, 260, 273, 275, 289, 290, 298, 
326, 463, 590 
/-Glucose, 260 
Glucose syrup, 289 
Glucoside, 251. 273, 410, 325. 590 
Glucosides, 253, 260, 283, 465, 549 

— methylated, 291 
a-Glucosides, 327 
p-Glucosidcs, 327 
rf-Glucuronic acid, 264, 271 
Glue, 312 

Glutamic acid, 304, 30S, 309, 312 
Glutamine, 304 
Glutamylcysteylglycine, 318 
Glutaric anhydride, 198, 199 

— acid, 197 
Glutathione, 318 
Gluten, 289 
Glutenins, 311, 312 
Glyccraldehyde, 224 
Glyceric acid, 179 
Glycerides of linolcnic acid, 167 
Glycerides of linolic acid, 167 
Glycerol, 179, 180, 194, 298, 367 

— trinitrate, 181 

Glyceryl oleo-palmito-butyrate, 183 
-i-oleo-2-palmito-3-stereate, 183 

— trioleate, 183 

— tripalmitatc, 183 

— tristcarate, 183 

Glycine, 301, 302, 313, 314, 496 
Glycogen, 284, 289 
Glycocoll, 301 
Glycol, 279 
Glycolaldehyde, 303 
Glycollic acid, 204, 203, 208 
Glycols, 176 
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Glycols jxdy-oxymethylcnc, 109, no 
Glycylalanine, j/6 
Glycylprolinc, 317 
Glyoxal, 211, 227, 228, 339, 533 
Glyoxaline, 338, 343 
Glyoxylie acid. 231, 330, 383 
Gorgine, 307 
Gorgonia carolinii, 307 
Gorgon in, 312 
Grain soap. 186 
Grape sugar, 260 
Gravity, specific, 30, 32 
Grignard, reaction 330 
Ground-nut oil, 167, 184 
Guaiacol, 368 
Guanidine, 244, 245, 590 
Guanine, 245, 590 

-ribosephosphoric acid, 391 

GuIonic acid, 265 
/-GuIonic acid. 266 
Gum benzoin, 333, 417 
Guncotton, 294 
Guttapercha, 495 

Haem, 329 
Haematin, 329 

Haematoxylon campechinium, 551 
Hacmin, 53, 529, 530, 533 
Haemochromogcn, 313, 529 
Haemoglobin, 53. 313, 320, 329 
Half benzidine transformation, 389 
Halicin, 410 
Halochromism, 447 
Halogenated acids, 204 
Ha logeno-alcohols, 188 
Halogenoalkanes, 73 
/>-Halogcnobenzenc sulphonic acid, 361 
Halogenophenols, 373 
Halogeno-toluenes, 351 
Halogens, method of determination, 12 
Hantzsch synthesis, 560 
Harmaline, 621 
Harman, 621 

— alkaloids, 620 
Harmine, 621 
Harries, synthesis, 363 

Heat of combustion, molecular, 34 

— — formation of methane, 148 

— — — — prussic acid, 93 
Hedeoma pulegioides, 485 
Helianthin, 393, 407 
Helianthus tuberosus, 289 
Heliotrope (flowers), 413 
Heliotropin, 413 

Helix pomatia, 290 
Hemicelluloses, 290 
Hentriacoijtane, 39 
h-H eptane, 54 

Heptane 1,7-dicarboxyJic acid, 197 
Heptoses, 261 
Herberonic acid, 365 
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Hetero-atoms, 512 
Heterocyclic compounds, 36, 332, 511 
Heteropolar bonds, 84 
Heumann synthesis, 526 
Hevea brasiliensis, 493 
Hexachlorobenzene, 350 
Hexachloroethane, 175 
Hexacontane, 39 
w-Hexadecanol-i, 64 
Hexadicne-2,4, 155 
He xa hydroxy cyclohexane, 478 
cis-Hcxahydrophthalic acid, 342 
Hexahydropyrazine, 576 
He xa hydropyridine, 358 
Hexamethylene-tetramine,i 10 
Hexamethylphloroglucinol, 370 
Hexamine, no 
He xan - 2,5 -d ione, 230, 517 
Hexane, 39, 44 

— 2-carboxylic acid, 233 

— 1,6-dicarboxylic acid,, 197 • 

Hexanes, isomeric, 46 
Hexanitrodiphenylamine, 385 
Hexitols, 182 

Hexokinase, 296 
Hexonic acids, 252, 265 
Hexoscs, 260 
Higher alcohols, 64 
Hippuric acid, 302 
Histamine, 307, 544, 545, 596 
Histidine, 307, 308. 323, 544. 545 

— reactions on, 545 
Histones, 311. 312 
Hoffmann reaction 86, 131, 563 
Holo-enzyme, 326 
Holo-ferment, 326, 593 
Homologous series, 41 
Homopolar bonds, 47, 84, 86 
Homoveratrole, 614 

Honey stone, 429 
Hordein, 312 
Hordenine, 382, 383 

Hoogcwerff and van Dorp, method of, 131 
Hormones, 327, 382, 505 

— follicular, 502 
Hydnocarpic acid, 477 
Hydnocarpus-species, 477 
Hydraminic fission, 609 
Hydrazines, 396 
Hydrazine sulphate, 330 
Hydrazobenzene, 38 9 
Hydrazo-compounds, 397 
Hydrazones, 396 
Hydro ben zamidc, 411 
o-Hvdrobenzoic acid, 422 
Hydrobenzoin, 441 
Hydrocarbons, cyclic, 53 

— isomeric, 46 

— of the benzene scries, 333 

— quaternary, 91 

— saturated, 39, 91, 92 


Hydrocarbons saturated nomenclature, 39 
Hydrocotamine, 616 
Hydrocyanic acid, 5, 93 
Hydrofurfuramide, 515 
Hydrogen bridge, 78 

— cyanide, 93 

— method of determination, 9, 10 

-transfering enzymes, 593 

Hydrolysis, 129 

— of carbonitriles, 95 
Hydrolytic fission of esters, 127 
Hydroquinone, 368 
Hydroxy-acids, 204, 205, 300 

— dibasic, 210 

— polybasic, 227 
a-Hydroxy-acids, 206, 207, 209 
p-Hydroxy-acids, 207 

1- Hydroxy-acids, 206 

2- Hydroxy-acids, 207 

3- Hydroxy-acids, 207 

4- Hydroxy-acids, 208 

5- Hydroxy-acids, 208 

2- Hydroxy-i-aminopropionic acid, 305 
Hydroxyanthraquinone, 462 
Hydroxyazobenzene, 400 
Hydroxyazo-compounds, 400 

-dyestuffs, 406 

Hydroxybenzaldehydes, 413 
wj-Hydroxybcnzoic acid, 423 
/>-Hydroxy ben zoic acid, 307 

3- Hydro xybutanal, 106 
p-Hydroxybutyric acid, 209 
Hydroxycarbonitriles, 102 
Hydroxycymene, 366 
3-idydroxyflavone, 551 
Hydroxyglycouril carboxylic acid, 584 

3- Hydroxyindole, 526 
Hydroxylamine, 89 
2-Hydroxymethylfuran, 514 
Hydroxymethylfurfuraldehyde, 515 

4- Hydroxy-4-methylpentanone-2, 112 
Hydroxyphenylalanine, 307 
Hydroxyproline, 308, 314, 523 
Hydroxypyridines, 364 
Hydroxytoluenes, 366 

Hygrine, 523, 598, 605 
rf/-Hygrine, 598 
/-Hygric acid, 599, 600 
Hyoscyamine, 427, 601 
/-Hyoscyamine, 601, 602 
Hyoscyamus niger, 601 
Hypnotic, 203 

Hypoxanthine, 586. 587, 590 

-riboside, 591 

Hypsochromic effect, 404 
Hystazarin, 463 

Ice colour, 408 
Iditol, 182 

Ilex paraguayensis, 588 
Illicium religiosum, 424 
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I min azole, 538, 543, 544. 545 

Iminazolopyrimidines, 581 

2-Iminazolyl-i-aminopropionic acid, 307 

P-(4-Iminazyol)-ethylamine, 345 

Iminc, cyclic, 576 

Imincs, cyclic, 198 

Iminoethers, 131 

Indantlirene Blue R, 463 

Indanthrone, 465 

Indian turpentine, 48S 

Indican, 523 

Indicoside, 525 

Indigo, 377. 422, 525, 526, 527 
Indigofera tinctoria, 525 
Indigoids, 327 

Indigosulphonic acid, 411, 412 
Indigo vat, 527 
Indigo-white, 527 
Indimulsase, 523 
Indole, 523, 524 
Indoloalanine, 525 

2- Indolyl-i-aminopropionic acid, 307 

3- Indolylethylamine, 622 
Indoxyl, 525, 526 
Infra-red absorption, 70 
Initiator, 181 

Ink, writing, 424 
Inosinic acid, 59/ 

Inositol, 478 
Insecticide, 335 
Insulin, 505 
Internal salt, 393 

Intramolecular transformation, 103 

Inulin, 260, 284, 289 

Inversion, 280 

Invertase, 324, 326 

Invert-sugar, 280 

Iodobenzene, 350 

Iodoform, 112, 173 

— reaction, 62, 174 
Iocogorgoic acid, 307 

1- Iodo-propene-2, 157 
Iodosobenzene, 350 

2- Iodothiophen, 517 
Iodoxybenzene, 350 
Ionone, 478 
a-Ionone, 478, 508 
P-Ionone, 478, 508, 510 
Irone, a- and y-, 479 
Isatin, 523, 524 

chloride, 525 
Isomeric alkanols, 58 

— hydrocarbons, 46 
Isomerisation of alkanes, 51 
Isomerism, 6, 42 

— cis-trans, 200 

— of benzene derivatives, 343 
Isonitrosobarbituric acid, 579 
Isonitrosocamphor, 490, 491 
Isonitrosoketone, 228 
Isoprene, 155 


Iris florentina, 479 
Irone, 479 

Jasmin, oil of, 523 
Julin's carbon chloride, 330 
Junipcrus sabinae, 488 

Kekules formula. 337. 338, 344, 345 

— structure (of the benzene molecule), 

339. 3-jo. 34 * 

Keratin, 312, 314 
Kerosene, 53 

— distillates, 53 
Ketenes, 162 
Kctimido-acid, 299 
Keto-enol-tautomerism, 236 
Keto glutaric acid, 304 
2-Ketogulonic acid, 273 
Kctohexoses, 515 

Kctomethane dicarboxylic acid, 234 
Ketone fission, 232, 234 
Ketones, 63, 98, 111 

— alicyclic, 470 

— aromatic, 414 

— mixed,100 
Ketonic acids, 231 

— alcohols, 411 
Ketopiperazines, 376 
a-Ketopropionic acid, 231 
Ketostearic acid, 170 
Ketoximes, 102 
Ketoyobyrine, 621 

Kjeldahl, method of (determination of 
nitrogen), 11,14 
Knorr synthesis, 521 
Kolbe, method of, 422 
Komer’s principle, 344 
Kristallose, 421 

Lacquers, 62, 64, 489 
Lactalbumin, 312 
Lactams, 301 
Lactase, 279 

Lactic acid, 205, 208, 209, 298 
rf-Lactic acid, 298 
^/-Lactic acid, 208 
/-Lactic acid, 208 
Lactide, 206, 207 
Lactobionic acid, 279 
Lactoflavin, 504, 691, 592 
Lactone, 207, 208 
y-Lactones, 207 
8-Lactones. 208 
Lactose, 278, 279 

Ladenburg, synthesis (coniine), 562 
Laevulic acid, 161, 234, 517 

— aldehyde, 494 
Laevulose, 260 

Lakes (coloured compounds), 465 
Lard, 183 

Lassaigne reaction, 9 
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Laudanosine, 61 5 
Laurie acid, 71, 121, 184 
Lead acetate, 119 

— azide, 181 

— carbonate, basic, 120 

— glycerate, 181 

— vinegar, 119 

— white, 120 
Leather manufacture, 426 

— tanneries, 209 
Lecithins, 189, 190 
Legumclin, 312 
Leguminosae, 478 
Lemon grass oil, 161 
Lemon oil, 111 
Lepidine, 570 
Leptostycha, 525 
Leucaniline, 443 
Leucine, 303, 308, 313, 314, 323 
jso-Leucine, 303. 304, 314, 323 
Leuco-compounds, 527 
Leucoindigo, 527 
Leuco-malachite green, 443 
Leuco-methylene blue, 574, 575 
Leucosin, 312 
Leucyl-glycyl-glycine, 317 
Leucyllcucine, 316 

Lewis and Langmuir octet theory, 48 
Lichenases, 293 
Lichen in, 284, 292, 293 
Liebig, method of (determination of 
carbon and hydrogen), 9, 10, 11, 14 
Lignin, 289, 293 

— reactions on, 293 
Ligroin, 53 

Limonene, 155, 486, 487 

Lindane, 335 

Linear annellation, 466 

— dibenzpyridine, 572 

— polymers, 168 
Linen, 289, 293 
Linolcnic acid, 184 

— —glycerides of, 167 
Linolic acid, 184 

-glycerides of, 167 

Linseed oil, 167, 184 
Lipases, 185, 324 
Lipochromes, 506 
Liquidambar orientale, 429 
Liquid crystals, 388 
Lithium alkyl, 41 

— alkyls, 92 
Loiponic acid, 608, 609 

Lone pairs of electrons, 57, 86 
Lorentz, formula, 32 
Lowering of the freezing point, 17 
Lubricating oils, 53 
Lumi-auxone, 477 
Lumichrome, 591, 592 
Lumiflavin (dyestuff), 591, 592 
Luteolin, 551 


a-Lutidine, 461 
Lutidines, 560 
Lutidinic acid, 565 
Lycopene, 505, 506, 507 
Lycopersicum esculentum, 506 
Lysine, 304, 303, 308, 323 
Lysol, 366 

Lysylglutamic acid, 317 
Lysylhistidine, 317 
(/-Lyxose, 265 

Magenta, 444, 445, 446. 447 
Maize, 61 

Malachite Green, 443, 446 
Maleic acid, 199, 200, 201, 514 

— anhydride, 199 
Male sex-hormones, 501 
Malic acid, 3, 210 
(/-Malic acid, 225 
/-Malic acid, 225 
Malonic acid, 195, 579 

— ester synthesis, 195, 196 
Malonyl chloride, 369 

-urea (keto-form), 578 

Malt, 61 

Maltase, 61, 270, 324, 327 
Maltobionic acid, 275 
Maltosazone, 275 
Maltose, 61, 275, 278, 289, 326 
z50-Maltose, 287, 288 
Malvin chloride, 553 
Mandelic acid, 426 
(//-Mandelic acid, 219, 317 
Mandelonitrile, 283 
(//-Mandelonitrile, 427 
Manna, 283 

-ash, 182 

Mannans, 260 
Mannitol, 182, 271 
(/-Mannonic acid, 264, 271 
Mannose, 182, 263 
(/-Mannose, 260, 290, 326 
Margarine, 184, 186 
Meconine, 616 
Melibiose, 283 
Mellite, 429 
Mellitic acid, 429 
Melon tree, 322 

Melting point, method of determination, 

29. 30 

Melting point test, mixed, 30 
Menthane, 482 
Menthane-i,8-diol, 483 
Menthanone, 482 
Mentha piperita, 482 
— pulegiam, 485 
Menthol, 482 
(//-Menthol, 483 
/-Menthol, 219 
Menthone, 482, 485 
i-Menthone, 483 
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Mercaptans, 79 
Mercaptidcs, 79 
Mercerised cellulose, 294 
Mercurialis perennis, 85 
Mercuris cyanide, 94 
Mercury fulminate, 1S1, 249 
Meroquincne, 60S 
Mescaline, 3S3, 384 
Mesitylene, 434 

Mesomeric forms of pyridine, 350 
Mesomerism, 340 

— (pyrrole derivatives), 522 
M tso-porphyrin, 330, 531 

-tartaric acid, 214, 213. 210, 224 

Mesoxalic aied, 234 
Mesoxalylurea, 382 
Methacrylic acid, 163 
Met liana 1 , 99. 10 9 

— polymers, 110 

Methane, 39, 40, 52, 53, 34. 67, 120. 14 9 

— heat of formation, 148 

— carbon it rile, 96 

— carboxylates, 119 

— dicarboxylic acid, 193 
Metlianethiol, 79 

Methane tricarboxylic acid, 201 
Methanol, 56, 60, 293 

— synthesis, 64 
Methene-aminoacetonitrile, 302 
Methene chloride, 172 

— iodide, 172 
Methionine, 306, 314 
/-Methionine, 323 

/>-Methoxybenzcnediazonium cyanide, 
398 

Methoxyethanc, 73 
Methoxy-lutidine, 547, 34S 
Methyl alcohol, 60, 62 

-amine, 84. 83, 93, 383. 396 

-aminoethanol, 618 

p-Methylaminophenol, 380 
3-Mcthyl-4-aminouracil, 589 
Mcthylaniline, 520 
Mcthyl-t/-arabinolactonc, 281 
Methylated glucosides, 291 
Methylbenzene, 34S 
Methyl benzoates, 419 
Methylbenzoic acids, 424 
2-Meliylbutadiene-i,3, 135 
2-Methylbutane, 67 

2- Metliylbutanol-i, 64, 65. 69 

3- Methylbutanol-i, 64 
Methylcarbylamine, 98 
Methylcyclohexane, 473 
Methylcyclopentane, 475 
17-Methyl-cyclopentanoplienanthrene, 
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Methylcytosine, 590 
Methylene, 149 

— Blue, 574 

— dichloride, 172 


Methvlethvlacetic acid, 66, 121 
• • 

Methylethylamine, 81 
Methyl ethyl ether, 73 

— — ketone, 99 
Mcthylglucoside, 270 
Methylglyoxal, 339. 45 b 333 
Meth\ Ihcptenone, 161, 306 
3-Methvlhexanc, 67 

3 - Met hy lindole, 52 3 
Methyl-fso-urea, 241 
Methylmagnesium bromide, 91 
x-Methylmorphimethine, 018 
x-Methyl naphthalene, 433 
fi-Methylnaphthalene, 433 
Methylnaphthalenes, dimono-; 33 
A'-methylnicotonc, 599 
Methyl nonvl keton, 1 1 1 
Mcthylol-fi-collidine, 610 
x-Methyl-'i-phenylethylamine, 38 | 
Methylphenylhvdraziiie, 378, 397 
Methylphosphine, 90 
Methyl-(2-picolyl)carbinol. 362 
Methylpropanol-1, 6 4 
2-Methylpropanol-i, 298 
A'-Methylpyridone, 337 
1 -Mcthylpyrrole, 520 
2-Methylpyrrole, 520 
A'-Metliylpyrrole, 520 
A'-Methylpyrrolidine, 599 

1- Methylquinoline, 56# 
x-or 2-Methylquinoline, 370 
y-or 4-Methylquinoline, 570 
Methylthiophen, 516 

2- Mcthylthiophen, 317 

3- Methylthiophcn, 317 
Methylurea, 241 
Methyl Violet, 445 
Metol, 386 
Micelles, 284, 292 

— structure, 320 
Michler's ketone, 380, 445 
Micro-analysis, elementary, 14 
Milk, skimmed, 278 

-sugar, 260, 278, 279 
Millon's reagent, 311 
Mineral oil, 52, 53 
Mixed ethers, 75 

— ketones, 100 

— melting point test, 30 
Mohr models, 435 
Molasses, 302 
Molecular asymmetry, 69 
-principle of, 66 

— depression of the freezing point, 17 
-—-dispersion, 32, 141 

— dissymmetry, principle of, 70 

— elevation of the boiling point, 18, 19 

— heat of combustion (alkanes), 50 
Molecular refraction, 31 

— refraction, alkenes, 50, 141 

— volume, 31 
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Molecular weight of proteins, 318, 319 
Molecules, polar, 132 
Mono-alkylarsinic acids, 90 

-alkylphosphonic acids, 90 

-alkylphosphines, 90 

-amino-acids, 298 

-basic acid, 179 

-basic alkane carboxylic acids, 112 

-chloroacetic acid, 203, 204, 203 

-chlorocyclohexane, 472 

-halogeno-alkanes, 171 

-halogenobcnzenes, 349 

-physical constants, 349 

-halogeno toluenes, physical constants, 

35 i 

Monomer, 105, 106 
Mono-methylalloxan, 5S8 

-methylphosphonic acid, 90 

-methylurea, 588 

— nucleotides, 591 

-saccharides, no, 182, 214, 251, 252, 

257 

— reactions on, 252, 253 

— stereochemical configuration, 261 

— synthesis of 271 
Mordant, 403 

— dyestuffs, 408, 331 
Mordanting, 465 
Morphenol methyl ether, 618 
Morphine, 467, 596, 616, 617, 619 

— reaction for, 617 

a-jso-Morphino, 619 
Morphol dimethyl ether, 467 
Morin, 551 

Mosaic disease, tobacco, 313 
Motor fuel, 61 
Moulds, 289 
Mucic acid, 265 
Mucins, 313 

Mucoproteins, 275, 312, 313 
Murex brandaris, 527 
Murexide reaction, 582 
Muscone, 354, 481 
Musk, 481 

— artificial, 334 

— odour of, 208 

— -ambrette, 355 
Mustard gas, 79 

— oil(s), 166, 250 
Mutarotation, 267 
Mycoderma aceti, 119 
Mydriatic action, 601 
Myosin, 312 
Myricyl palmitate, 127 
Myristica, 184 
Myristic acid, 121, 184 
Myronic acid, 251 


334 . 427. 453 . 454 
licarboxylic acid, 455 


Naphthacene, 467 
Naphthalene, 332, 
/>en-Naphthalene 1 


a-Naphthalenesulphonic acid, 458 

Naphthalenes, 53 

Naphthenes, 52, 53, 475 

Naphthenic acids, 53, 475 

a-Naphthoic acid, 433 

( 3 -Naphthoic acid, 435 

a-Naphthol, 454 

Naphthol AS, 408 

3 -Naphthol orange, 408 

Naphthols, 458 

a-Naphthoquinone, 460 

2,6-Naphthoquinone, 460 

Naphthoquinones, 459 

Naphthylamine, 453 

a-Naphthylamine, 458 

i-Naphthylamine-6-sulphonic acid, 438 

Narcotine, 615, 616 

Natural rubber, 155 

Neocid, 442 

Neoprene, 153, 495 

Neroli oil, 485 

Nethanol, 86 

Neurine, 189 

Neuronal, 243 

Nicotiana tabacum, 599 

Nicotine 523, 596, 599, 600 

^/-Nicotine, 601 

Nicotinamide, 565, 594, 595 

Nicotindiethylamide, 565 

Nicotinic acid, 504, 560 

tso-Nicotinic acid, 560, 561, 565 

Nicotinic amide, 504 

Nitramines, 243, 379 

Nitraniline, 385 

o-Nitraniline, 353 

Nitranilines, 384 

Nitrates of cellulose, 294 

p-Nitroacetanilide, 384 

Nitroalkanes, 87 

/>-Nitro-anisole, 374 

w-Nitrobenzaldehyde, 412 

Nitrobenzene, 26, 391, 335, 352, 353, 567 

>w-Nitrobenzene-sulphonic acid, 362 

Nitrobenzoic acids, 420 

^-Nitrobenzol chloride, 62 

Nitrocelluloses, 181, 290, 294 

Nitrochloroaniline, 435 

Nitrochlorobenzenes, 357 

Nitrocinnamic acid, 570 

Nitro-compounds, 9, 87, 88, 89 

— electronic formulae, 88 

Nitroethane, 87 

Nitro-form, 360 

Nitrofuran, 514 

Nitrogen, method of determination, 11, 
12 

Nitroglycerine, 181 
Nitro-group, 87 

-lime, 248 

-methane, 87, 383 

x-Nitronaphthalene, 457 
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3 -Nitronaphthalenc, 438 
Nitronium ion, 356 
Nitrophcnol, 364 
o-, p~, Nitrophenol, 374 
Nitrophenyl ethers, 374 
Nitrophthalic acid, 453 

2- Nitropyridine, 563 

3- Nitropyridine, 563 
2-NitropyrroIe, 521 
Nitrosamines, 84, 378 
Nitrosobenzene, 391 
o-Nitrosobcnzoic acid, 412 
Nitrosodimethylaniline, 379 
/>-Nitrosodimethylaniline, 82 
Nitrosomethylaniline, 378 
Nitrosophenol, 376, 380 
p-Nitrosoplienol, 373 
2-Nitrothioplicn, 518 

Nitrotoluenes, 353, 354 
Nicotyrine, 399, 601 
Nomenclature alkenes, 135 

— benzene derivatives, 343 

— ethers, 75 

-—saturated hydrocarbons or alkanes, 39 
Nonanal, m 

Nonane i-carboxylic acid, 111 

— 1,9-dicarboxylic acid, 196 
Nomicotine, 599 
Norpinic acid, 489, 490 
Nucleic acid(s), 259, 313, 591 
Nucleoproteins, 313, 591 
Nucleosides, 590 

Nutmeg oil, 368 
Nutmegs, 184 
Nylon, 197, 321 

Oak, American, 551 
Octa-acetylcellulose, 291 

-methylsucrose, 289 

Octanal, in 

Octane, 39, 41 

w-Octane, 561, 562 

Octane 1-carboxylic acid, hi 

— number, 54, 55 
Octanes, isomeric, 49 
Octanol, 122 
Octenes, 55 

Octet of electrons, 83 

Octet theory of Lewis and Langmuir, 48 

Octyl iodide, 226 

Oestradiol, 502 

Oestriol, 502, 503 

Oestrone, 502, 503 

Oil, Diesel, 53 

— mineral, 52, 55 

— paraffin, 54 
Oils, Californian, 53 

— essential, 64, 121, 158, 161, 347, 482, 
486, 492 

— from Borneo, Java, Sumatra, 53 

— lubricating, 53 
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Oils paraffinic, 34 

— Pennsylvanian, 32 

— Rumanian, 52 

— Russian, 32 
Oil gas, 334 ' 

Olefine, 136 
Oleum cinae, 484 
Oliphiant gas, 133 
Olive oil, 180, 183 

Oleic acid, 162, 163, 103, 170, 183, 197 

Opianic acid, 6/6 

Opso-pyrrole carboxylic acid, 530 

Optical antipodes, 66, 69, 70, 213, 217 

Optically active substances, 32 

Orange II, 408 

Orange blossom, 523 

Orcinol, 368 

Organic chemistry, 3, 7 

Orientation, absolute, 344, 434 

— relative, 344 

— of benzene derivatives, 433 
Ornithine, 304, 305, 308 
Ortho-ester, 176 
Osazones, 233, 396 
Oscillations, 192 

Ost’s solution, 252 

Ostwald, dilution law of, 115 

Oxalic acid, 3, 5, 191, 192, 193, 194, 307 

Oxalis, 193 

Oxalyl chloride, 194 

Oxamide, 194 

Oxanthrone, 462 

Oxazole, 538 

jso-Oxazole, 538 

a-Oxidation, 186, 187 

to-Oxidation, 186 

Oximes, 102 

— aromatic, 415 

— cis-trans isomerism, 222 

— tautomerism, 239 
Oxindole, 523, 524 
Oxonium compounds, 80 

— salts, 547 
Oxyacetylene flame, 133 
Oxydases, 324 

Oxygen, method of determination, 12 

— activator, 412 

— carrier, 11 

Oxyhaemoglobin, 313, 529 
Ozonide, 162 
Ozonides, 146 
Ozonolysis, 523 

Paints, 489 

Palmitic acid, 121, 122, 123 
Pancreas, 505 
Pancreatic gland, 183 
Panguim edule, 94 
Pantothenic acid, 503 
Papain, 322 
Papainases, 322 
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Papaverine, 6i.j, 6/5 
Paper, 293 
Paprika, 597 
Paraffin. 39. 5 2 > 53 

— oil, 5-4 
Para form, no 
Paraformaldehyde, 111 
Parafuchsin, 444 
Paraldehyde, 106, no 
Paraldol, 107 
Paramagnetic susceptibility, 431 
Para Red IV, 408 
Parchment paper, 294 
Partition coefficient, 27, 28 
Pauly reaction, 311 
Perbcnzoic acid, 411, 412, 420 
Perfumery industry, 410 
Perfumes, no 

Perkin, method, 432 

— reaction, 467 
•synthesis (coumarin), 432 

Pernicious anaemia, 505 

Pcrnigranilinc, 371, 382 

Peroxide effect, 143 

Peroxides, 77 

Peru-balsa ms, 417 

Pervitine, 384 

Pectic acid, 293 

Pectin, 284 

Pectins, 293 

Peganum harmala, 621 

Pelargonaldehyde, 111 

Pelargonic acid, 166 

Pclargonidin chloride, 332 

Pclargonin, 554 

Penicillamine, 339 

Penicillin, 539 

Penicillins, side-chains, 540 

Penicillium glaucum, 219, 424 

Penilloaldehyde, 539 

Pennsylvanian oils, 52 

Pennyroyal, 485 

Pen tad igalloylglu cose, 423 

Pentametheneimine, 576 

Pcntamcthylpararosaniline, 443 

Pentan-2,4-dione, 230 

Pentane, 39 

Pentanes, isomeric, 48 

Pentanol, 66, 78 

Pentanols, 56, 61, 64, 298 

Pentanone-2, 100 

Pentanonc-3, 100 

Pentatriacontane, 39 

Pen tone, 54 

Pentitols, 182 

Pontonic acids, 232 

Pentose, 514 

Pentoses, 259 

Pepsin, 322 

Pcpsinase, 322 

Pepsinascs, 323 


Pepsinogen, 322 
Peptidases, 321, 322 
Peptide bonds, 321 
Peptides, 316 
Peptones, 316 
Petrol, 53, 54. 55 . 

Petroleum, 52, 53, 347 

— Californian, 559. 570 

— Galician, 475 

— Russian, 475 

— asphalt. 53, 54 

— coke, 54 

— ether. 33 

— pitch, 53 
Phaeophorbide, 536 
Phneophytin-a and b, 533 
Pharmaceutical products, 62 
Phenacetine, 386 
Phenanthrahydroquinone, 466 
Phenanthraquinone, 465, 466 
Phenanthrene, 465, 466, 467 

— alkaloids, 617 

— io-carboxylic acid. 467 
Phenanthridine, 372 
Phenazincs, 577 

Phene, 343 

Phenetole, 366, 367 

Phenol. 52, 344. 348, 349, 364, 394 

— ethers of, 366 

— reaction on, 364 
Phenolates, 363 
Phenols, 362 

— substituted, 373 
^-Phenolsulphonic acid, 376 
Phenolsulphonic acids, 373 
Phenoplasts, 364 
Phenosafranine, 577, 578 
Phenyl acetate, 363 
Phenylacetic acid, 426 
Phenylalanine, 307, 308, 323, 382 
Phenylaminomethane, 382 
2-Phenyl-1-aminopropionic acid, 307 
Phenylarsonic acid, 401 
Phenylbromomethane, 351 
4-Phenyl-4'-carbethoxy-spiro-bispiperidi- 

nium bromide, 558 
Phcnylchloramine, 377 
PhenyIdibromo-methane, 352 
Phenyldichloro-methane, 352 
Phenylene, 381 
w-Phenylenediamine, 353 
Phenylenediamines, 381 
Phenylethene, 429 
Phenylethyl alcohol, 409 
Phenylethylamine, 382, 383 
Phenylfulvene, 477 
Phenylglucuronic acid, 271 
Phenyl group, 343 
Phenylhydrazine, 396 

— hydrochloride, 396 
Phenylhydra zones, 103 
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Phenylhydroxylamine, 391 
Phcnyliodochloride, 350 
Phenylisocrotonic acid, .133 
Phenyl isocyanate, 339 
Phenvllithium, 362 
Phenyl magnesium bromide, 309, 317 
Phenylmercuri-acetate, 362 
Phenylmetlianal, 310 
Phenylmethanol, 309 

i-PhcnyI-3-Mcthylpyrazole, 53 1 
' i-PhcnyI-5-methylpyrazolG. 531 

1- Phenyl-3-methylpyrazolonc, 332 
Phen y 1 n i t rome t ha n c, 359 

— reaction on, 359 
iV-Phenylphenazonium salts, 377 
Phenylphospliinodichloride, 381, 301 
Phenylphosphonic acid, 333 
Phenolphthalein, 337, 338 
4-Phenylpyridine. 56/ 

Phenylsodium, 362 

Pheron, 32 3 
Phlorizin, 369 
Phloroglucinol, 369, 370 
Phosgene, 173, 239 
Phosphatides, 179, 189 
Phosphine, 89 

Phosphine-oxides, optically active, 222 
Phosphobenzene, 355 
p-Phosphoglyceric-acid, 297 
Phosphonium bases, quaternary, 90 

— iodide, 90 

— salts, 89 
Phosphoproteins, 312 
Phosphorobenzene, 301 
Phosphorolysis, 282, 288 
Phosphorylase, 282 
Phosphorylases, 288, 289 
Photographic developer, 369, 386 
Photografic platinum prints, 193 
Phototropy, 411 

Phthalein dyestuffs, 337 
Phthalic acid, 345, 327, 572 
*'so-Phthalic acid, 327, 429 
w-Phthalic acid, 329 
Phthalic acids, 325 

— anhydride, 317, 328 
Phthalimide, 321, 328 
Phthalocyanine dyes, 528 
Phthalonitrile, 528 
Phthalopenone, 338 
Phthalyl chloride, 328, 338 
Phylloaetioporphyrin, 536 
Phyllo-pyrrole carboxylic acid, 530 
Phylloquione, 360 
a-Phylloquinone, 505 
Phylloxera, 235 

Phytol, 159 
Phytosterol, 396 
Phytyl residue, 537 
Picoline, 561 

2- or a-Picoline, 559, 560 


3- or 3 -Picoline, 360 
3- or '(- Picoline, 560 
Pico I in ic acid, 560, 303 
Picramide, 333, 35S 
Picramine. 383 

Picric acid, 333, 358. 363, 373 
Picryl chloride, 358 
Pigment, 323 
Pimelic acid, 603 
Pinacol, 177 
Pinacoline, 177 

— transformation, 177 
Pinacolonc transformation, 177, 312 
Pinane, 388, 389 

Pinene, 383. 389. 392 
a-Pinene, 389 
Pine-needle oil, 380 
Pinonic acid, 389. 390 
Pinus longifolia, 388 

— sabiniana, 52 
Piperazine, 576 

— hydrochloride, 576 
Pipcric acid, 332, 398, 599 
Piperidine, 189, 338, 500, 576, 598. 5d9 
Piper longum; nigrum, 598 
Piperinc, 332. 598. 599 

Pipcronal, 313. 313, 332 
Pitch. 338 

Plane of polarisation, 69 

Plankton, 53 

Plastic material, 321 

Platinum prints, photographic, 193 

Polarimeter, 32 

Polarisation, plane of, 69 

— rotation of the plane of, 32 
Polar molecules, 132 
Poly-azo-dyestuffs, 307 
Polybasic acids, 191 

— hydroxy acids, 227 
Poly-condensation, 363 

— reaction, 321 
Polydispersity, 319 
Polyenes, 508 
Polyhydric alcohols, 175 
Polymer, 105, 106 

— homologues, 292 
Polymerisation, 103 

— alkenes, 137, 167 

— ethyne, 152 

— vinyl compounds, 167 
Polymers, linear, 168 

— of methanal, no 
Polynucleotides, 591 
Poly-oxymethylene glycols, 109, 110 
Polypeptides, 321 

Polyporic acid, 372 
Polysaccharides, 251, 260, 283 
Polytcrpenes, 393-395 
Poppy-seed oil, 1C7 
Porphin, 531 
Porphyrazines, 529 
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Porphyrins, 53, 508, 329, 530 
Potassium antimonyl-tartrate, 213 

— bromoamide, 131 

— cyanate, 246 

— ferric oxalate, 194 

— ferrous oxalate, 194 

— formate, 95 

— thiocyanate, 249 

— xanthate, 393 
Potatoes, Ci 
Powder, smokeless, 294 
Primary alcohols, 92, 103, 114. 127 

— alkvlphosphines, 90 

— amines, 81, 82, 83, 84, 87, 97, 103, 1 

25 r. 428 

— carbon atom, 59 

— nitro-compounds, 88 

— tar, 347 
Primverose, 463 
Progargyl aldehyde, 160 
Progesterone, 502 

a-Progesterone, 503 

Prolamins, 311, 312 

Proline, 308, 312, 523 

Prontosil, 564 

Prontosils, 407 

Propad iene, 154 

Propane, 39, 53, 120 

Propane 1,2,3,-tricarboxylic acid, 202 

Propane-i,2,3-triol, 179 

Propanal, 62 

Propanol-1, 63 

Propanol-2, 63, 145, 177 

Propanols, 62 

Propanone, 62, 99, 112, 136 
Propanone carboxylic acid, 186 
Propargyl alcohol, 159 

— aldehyde, 160 

— chloride, 157 
Propenal, 158, 159, 180 
Propenalammonia, 160 
Propene, 63, 135 
Propene-2-ol-i, 157, 158 
Propene carboxylic acids, 164 

— 1.2,3-tricarboxylic acid, 202 
2-Propenol-i, 160 
2-Propenylpyridine, 562 
Propiolic acid, 170 
Propionaldehyde, 99 
Propionic acid, 114 
Propionitrile, 96 

Propyl alcohols, 62 
Propylamine, 81, 84, 85 
tso-Propylamine, 81, 85 
Propylene, 136 
Propyl-pseudo-nitroles, 89 
tso-Propylsulphuric acid, 144 
Propynal, 160 
Propyne, 149 
Propyne-2-ol-i, 159 
Protamines, 311 


Proteases, 321, 324 

Proteides, 311 

Protein, 505 

Proteinases, 321, 322 

Proteins, 4, 61, 309, 310, 523. 525 

— biochemical synthesis, 323 

— complex, 311 

— conjugated, 311 

— denaturation, 310 

— enzymatic degradation, 321 

— in coagulated state, 310 

— molecular weight, 318, 319 

— simple, 311 

— structure, 313 
Proteoses, 316 

Protocatechuic acid, 383, 424 
Protohaem, 529 
Proto pine, 617 
Protoporphyrin, 534 
Provitamin, 509 
Prunasin, 283 
Prunasoside, 283 
Prussian Blue, pigment, 94 
Prussic acid, 93, 94 

-heat of formation, 93 

Pseudo-acids, 360 

-base, 446, 571 

-cocaine, 606 

-ephedrine, 383 

Pseudoionone, 478 
-nitroles, 89 

-racemic mixed crystals, 218 

-uric acid, 583 

Ptomaines, 188 
Ptyalases, 324 
d-Pulegone, 485 
Purine, 585, 586 

— derivatives, 578, 581 vg. 

-nucleoside, 590 

Purple of the ancients, 3, 527 
t'so-Purpuric acid, 375 
Purpurin, 465 
Putrescine, 188, 305 
Putrifying bacteria, 306 
Pycnometer, Eykman, 31 
Pyramidone, 543 
a-Pyran, 546 
Y-Pyran, 546 

Pyran derivatives, 546, 547 
Pyranoid, 546 

— sugars, 257, 546 
Pyranoses, 257 
Pyran ring, 257 
Pyrazine, 575 
Pyrazole, 332. 538, 540 

— derivatives, 329 
Pyrazoline, 541 
Pyrazolone, 542 
Pyridanol base, 557 
Pyridazine, 575 

Pyridine, 332, 554, 555, 556, 557 
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— mcsomcric forms, 556 
Pyridine dicarboxylic acids. 565 

— methiodide, 557 

— monocarbocylic acids, 565 
-sulplionic acids, 563 

— tricarboxylic acid, 365 
Pyridinium base, quaternary, 557 
Pyridoxin, 504, 565 
Pyridylpyridinium dichloride, 364 
Pyrimidine, 579 

— derivatives, 578, 579 

— nucleoside, 590 
Pyrogallol, 269. 369 
Pyromellitic acid, 429 
Pyromucic acid, 513, 514, 515 
1,4-Pyrone. 448 

Pyrone, a-and y-, 546 
Pyrone derivatives, 332 
Pyroxonium ring, 548 

— salts, 548 

Pyrroaetioporphyrin, 536 
Pyrrole, 332, 518, 519 

— derivatives, tautomerism and meso- 
merism, 522 

2-Pyrrole-aldehyde, 521 
Pyrrole red, 519 
Pyrrolidine, 519 

— 2-carboxylic acid, 308 
Pyrroline, 519 
Pyrromethene, 532 
Pyrrole, reaction on, 519, 520 
PyTrylmagnesium iodide, 521 
Pyrryl methyl ketone, 521 
Pyruvic acid, 205, 231, 232. 298, 304 
Pyrylium ring, 548 

— salts, 548 

Qualitative analysis of organic com¬ 
pounds, 8, 9 

Quantitative analysis of organic com¬ 
pounds, 9, 10, 11, 12, 13, 14 
Quaternary ammonium bases, 81, 83, 86 

— — iodide, 84 

— — ions, 221 

— — salts, 81, 82 

-electronic formulae, 83 

— arson ium bases, 90 

— bases, 380 

— hydrocarbons, 91 

— phosplionium bases, 90 

— pyridinium base, 557 
Quebrachine, 621 
Quercetin, 550, 551 
Quercus tinctoria, 551 
Quick Vinegar process, 119 
Quinaldine, 570, 572 
Quinhydrone, 372 
Quinic acid, 368, 370 
Quinicine, 612 
Quinidine, 613 

Quinine, 571, 596, 607, 611, 613 


Quininic acid, 371, 612 
Quininone, 611, 612 
Quinol, 307, 368, 372 

— glucoside of, 369 
fso-Quinoline bases, 617 
Quinoline, 332, 562, 566, 567, 568 
iso-Quinoline, 372 

Quinoline 4-carboxylic acid, 571 

Quinoline 2,3-dicarboxylic acid, 373 

Quinolines, 566-373 

Quinoline Yellow, 570 

Quinolinic acid, 562, 563. 565, 567 

Quinolone, 571 

Quinolones, 570 

Quinone, 381, 386 

Quinonedimine, 381 

Quinone monoxime, 376 

Quinones, 370 

Quinotoxine, 612 

Quinoxaline, 577 

Ouinoxalines, 381, 577 

Racemic acid, 211, 214, 215, 216 

— double salt, 217 

— mixtures, 21 7 

Racemisation of </-sec.octyl iodide, 226 

Radical, 83, 149 

Radicals, free, 52 

Raffinose, 260, 283 

Raman-effect, 34 

— frequency, 34 

— spectrum, 70, 109, 342 
Rayon, 294 

Rape oil, 184 
Raw spirit, 61 

Reaction scheme of Nitrobenzene, 392 

Refraction, molecular, 31 

Refractive index, 31 

Reseda luteola, 551 

Resorcinol, 373 

Resorcinolphthalein, 449 

Reimer and Tiemann, method of, 413 

Relative orientation, 344 

Reserve cellulose, 292 

Resin ification of aldehydes, 107 

Resins, synthetic, 158, 364 

— — (manufacture), no 

— artificial, 153 
Resite, 365 
Resols, 365 
Resorcinol, 269, 368 

Respiratory enzyme, yellow (Warburg), 
593 

Respiratory ferment of Warburg, yellow, 
326 

Retting, 293 
Rliamnoglucoside, 554 
/-Rhamnose, 259 
Riboflavin, 504, 591 
rf-Ribose, 259, 590 
Ricinoleic acid, 184 
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/>-Rosanilinc, 443. 44O, 447 

— base, 443 

Rosanilinc dyestuffs, 442, 446 

— dyes, relation between colour and 
structure, 446 

Roses, oil of, in, 159 
Rosin, 489 

Rosolic acid dyes, 449 

Rotation of the plane of polarisation, 32 

— specific, 32 
Rubber, 493 

— artificial. 153, 135 
— natural, 155 

— structure, 494 
Rubber, vulcanisation, 493 
Rubbers, synthetic, 495 
Ruberytliroside, 463 
Rubiaccae family, 607 
Rubia tinctorum, 463 
Rubrene, 467, 468 
Rumanian oils, 53 
Rumex, 193 

Russian oils, 53 

Sabatier and Senderens, method of, 40, 
100 

Sabinene, 488 
Saccharase, 281 
Saccharates, 280 
^-Saccharic acid, 264 
Saccharification, 61 
Saccharin, 420, 421 
Saffron, 509 

Safranine dyestuffs, 577 

Saccharides, 251, 422 

Safrole, 368, 414 

tso-Safrole, 414 

Salicin, 410 

Salicoside, 410, 422 

Salicylaldehyde, 413 

Salicylic acid, 364, 422, 423, 520 

Saligcnin, 410 

Sali helix, 410 

Saliva, 324 

Salminc, 312, 320 

Salol, 423 

Salt of sorrel, 194 

Salvarsan, 387 

— silver, 387 
Saponification, 128 

— of carbonitrilcs, 95 
Sarcolactic acid, 209 
Sarcosinc, 302, 389 
Sassafras officinale, oil of, 368 
Saturated hydrocarbons, 39, 97, 92 

— — nomenclature, 39 
Schiff’s reagent, 235 
Schi/.osaccharomyces octosporus, 326 
Schottcn-Bauman method, 419 
Sclcroproteins, 311, 312 

Secale comutum, 545 


Secondary alcohols, 92 

— alkanols, 102 

— alkylphosphines, 90 

— amines, 81, 82, 83, 84, 98 

— carbon atom, 59 

— monohydric alcohols, 176 

— nitro-compounds, 88 
Sedimentation equilibrium, 319 
Selective absorption of aldehydes and 

ketones, 103, 104 

Selective absorpion of aliphatic aldehydes 
and ketones, 103 
Selenium salts, ternary, 223 
Seliwanoff, reaction of, 515 
Semi-acetal, 108 
Semicarbazide, 244 
Semidine transformation, 389 
Semipolar bond, 86, 88 
Senderens, method of (preparation of 
ethers), 76 
Serine, 305 
^/-Serine, 306 
Sex hormones, 501-503 

— female, 502 

— male, 501 
Side-chains, 343 
Silane, 220 

Silicon compounds, optically active, 219 
Silk, acetate, 295, 405 

— artificial, 293, 294 

-fibroin, 312 

Silver isocyanate, 42 

— fulminate, 42, 249 

— salvarsan, 387 

— thiocyanate, 250 
Sinapis nigra, 251 

St. Ignatius beans, 621 

Sitosterols, 496 

Skatole, 525 

Skimmed milk, 278 

Skins, animal, 426 

Skraup synthesis (quinoline), 567 

Sleeping-sickness, 386 

Smokeless powder, 294 

Soap, 186 

Sodium alcoholate, 56 

— alkyl, 41 

— alkyls, 91 

— ammonium tartrates, crystalline form, 
217 

— cupriglycerate, 181 

— cyanamide, 94 

— cyanide, 94, 95 

— diazotate, 397 

— ethylate, 65 

— formate, 117 

— methylate, 65 

— phenolate, 364 
Sodium phenylarsonate, 396 

— salicylate, 423 
Soporifics, 203 
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Sorbitol, 1S2, 271 

Sorbose, 266 

/-Sorbose, 261, 273 

Soya-beans, 325 

Spanish pepper, 597 

Specific gravity (density), 30, 32 

— rotation, 32 
Spermaceti, 64, 127 
Spinneret, 295 

Spiradicyclobutane dicarboxylic acid, 480 
Spiranes, 480 
Spirit Blue, 445 

— raw, 61 

— white. 53 
Spirit, wood, 60 
Spirochaetae, 387 
Spirocyclic carbon rings, 359 

— structure, 481 
Spongin, 312 
Stachyose, 283 
Stachys tubifera, 283 
Starch, 61, 284, 289, 298 

— (fermentation), 64 

— structure, 286 
Stearic acid, 71, 121 
Stearolic acid, 170 
Stephens, method of, 419 

— reaction of, 101 
Stereochemical configuration, 199 
-method for determining relative, 

223 

Stereochemical configuration of monos¬ 
accharides, 261 

Stereochemical structure (atoms), 69 
Stereochemistry of the carbon double 
bond, 138 

Stereoisomerism, 65, 440 
Stereosiomcrs, 69, 139 
Stereostructure, 69 
Stereolepsis ishinagi, 509 
Steric hindrance, 438, 441 
Sterols, 495 - 5 °° 

Stigmasterol, 496, 503 
Strecker, method of, 274 
Structural formulae (hydrocarbons), 46 
Structure (atoms), theory of, 66 

— (chemical), theory of, 6, 42, 47 

— stereochemical, 69 
Strychnidinc, 622 
Strychnine, 621, 622 

— reaction on, 621 

St ry elm os alkaloids, 621 

— nux vomica, 621 
Stilbene, 442, 466 

Strain theory of von Baeyer, 139, 473 

Styrene, 334, 429 

m-Styrene, 429 

Suberic acid, 197 

“Substantive” dyes, 403 

Substitution, 40 

— cationoid, 356 


Substitution electrophylic, 336 

mechanism of aromatic, 333. 336, 337 

— type, rule of constancy of, 437 
Succinic acid, 3, 196 

— anhydride, 198, 199 
Succinimide, 198 
Sucrose, 280, 282 
^/-Sucrose, 2S3 
Sugar of lead, 119 
Sugars. 4, 251 

— furanoid, 257 

— pyranoid, 237, 346 
Sulphanilamide, 386 
Sulphanilic acid, 371, 385, 393 
Sulphapyridine, 564 
m-Sulphobenzoic acid, 420 
Sulphonamides, 361 
o-Sulphonamidobenzoic acid, 421 
Sulphone, 80. 81 

Sulphonic acids, 81 
Sulphonium compounds, 80 

— iodides, 80 

— ion, structure, 222 
Sulphonyl chlorides, 361 

Sulphur, method of determination, 12 

— compounds, optically active, 222 
Suprarenal gland, 503, 505 

— — hormone in the, 382 

Svcdberg, method of (molecular weight), 

313 . 319 . 320 
Sweetening agents, 422 
Swillings, 61 

SyM-diazo-compounds, 398 
Syn-diazocyanidc, 398 
S>'«-diazotate, 398 
Synthetic resins, 158, 364 

— rubbers, 495 
Syphilis, 387 

Tallow candles, 187 
Talomucic acid, 266 
rf-Talose, 266 
Tannase, 424 
Tannin, 424, 425, 426 
Tannol, 425 
Tar, 347 

— primary, 347 

— vacuum, 347 

— wood, 60 

— oil, heavy; light, 348 
Tartar emetic, 213 
Tartaric acid, 3, 223 
^/-Tartaric acid, 213, 216, 217, 225 
/-Tartaric acid, 214, 216, 217, 224 
Tartaric acids, 66, 211 

-stereo-chemical structure, 215 

Tartronic acid, 179, 210 

Taurine, 496 

Tautomeric forms, 370 

Tautomerism, 235, 236, 340 

Tautomerism pyrrole derivatives, 522, 523 
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Tautomerism oximes, 239 
Tea, 426 

Tellurium salts, ternary, 223 
Terephthalic acid, 333, 427, 429 
Ter Meulen, method of (determination of 
sulphur, nitrogen, halogens, oxygen), 
12, 13 

Ter Meulen and Helsinga, method (deter¬ 
mination of carbon and hydrogen), 10 
Terpenes, 135, 332, 482 

— bicyclic, 487-490 
Tcrphenyl, 372 
Terpin, 483, 484 
Terpineol, 485, 486, 489 
a-Terpincol, 483 
Terpin hydrate, 483 
Tetryl, 380 

Tertiary alcohols, 92, 127 

— alkanols, 102 

— alkylphosphines, 90 

— amines, 81, S2, 83, 84, 86 , 98 

— aromatic amines, 379 

— arsines, 90 

— carbon atoms, 333, 591 

— nitro-compounds, 88, 89 
Test for primary amines, 97, 98 
Testosterone, 502 
Tetraalkylammonium iodides, 85 
Tctra-anisylhydrazine, 452 

-bromomethane, 174 

r,i,2,2,-Tetrachloroethane, 175 
Tetrachloromethane, 174 
Tetraethylammonium chloride, 83 

— iodide, 83 
Tetraethyl lead, 55, 92 
Tetrahedral configuration, 67 
Tetrahydrofuran, 513, 516 
Tetrahydromcthylquinoline, 568 
Tetrahydronaphthalcne, 456 
Tctrahydropyran, 546 
Tctrahydroquinoline, 569, 570 
Tetrahydroyobyrine, 621 
Tetraiodomcthane, 174 
Tctraiodopyrrole, 521 
Tetralin, 456 

Tetramethylammonium hydroxide, 85, 86 
Tetra-methylglucose, 276, 277, 287, 291, 
292 

Tetramethyllead, 149 
Tetramethylmcthylglucoside, 253 
Tetramethylsilane, 91 
Tetramethyluric acid, 582 
I . 3 . 4 > 5 -Tetranitrobenzene, 354 
Tetran itromethane, 188 
Tetraoxalate, 194 

1 ,i,2,2-Tetraphcnylethane-i,2-diol, 415 
Tctraphenylhydrazin, 452 
Tetrasaccharide, 290 
Tetravalency of carbon, 43 
Tetroses, 259 
Thea chincnsis, 588 


Thebaine, 617, 620 
Theine, 587 
Theobroma cacao, 387 
Theobromine, 587, 588, 589 
Theolactin, 587 
Theophylline, 589 
Thermal analysis, 437 
Thermoplastic, 169 
Thiazole, 538, 539 
Thiazolinium salt, 581 
Thiamin, 504, 580 
Thiazine dyestuffs, 574 
Thiele, conjugated system of, 155 
Thiele’s 1-4 addition, 479, 480 
Thienyl ketones, 518 
Thiocyanates, 250 
iso-Thiocyanates, 230, 251 
Thiocyanic acid, 249 
iso-Thiocyanic acid, 97 
Thiocyanogen, 250 
Thiodiphenylamine, 574 
Thioethers, 78, 79 
Thioindigo, 528 
Thiolates, 78, 79 
Thiols, 78, 79, 80, 81 
Thiophen, 332, 516, 517, 518 

— 2-carboxylic acid, 518 

— dimercurihydroxyacetate, 516 
Thiophenine, 518 
Thiophenols, 361 
Thiophensulphonic acids, 517 
Thiosaccharin, 421 
Thiosulphate process, 574 
Thiotolen, 516 

Thiourea, 246 
Thioxen, 516 
/-Threonic acid, 272 
Threonine, 306 
d-Threonine, 306, 323 
d-Threose, 306 
/-Threose, 272 
Thujane, 488 
Thyme-oil, 347 
Thymine, 580, 590 
Thymol, 366, 483 
Thyroid gland, 307 
Thyronine, 307 
/-Thyroxine, 307 

Tiselius, method of (seperation of pro 
teins), 314 

Tobacco, alkaloids from, 599 

— mosaic disease, 313 
a-Tocopherol, 505, 548 
<//-a-Tocopherol, 549 
Tolu balsam, 333, 417 
Toluene, 53. 333. 334, 345, 348 

— carboxylic acids, 424 
Toluenes (mono-halogene-), 351 
Toluenesulphonic acids, 361 
Toluic acids, 424 
Toluidines, 377 
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/>-Toluylaldehyde, 412 
Top yeast, 298 

Trans-figuration (stereochemical), 199, 
200 

Transformation, intramolecular (Beck¬ 
mann), 103 
— pinacolone, 432 
Traube synthesis, 584, 389 
Triacetonamine, 111 
Trialkylphosphine oxides, 90 
Trialkylphosphines, 90 
Trialkylsulplionium hydroxides, 80 
Tribasic acids, 201 

2,4,6-Tribromoanilinc, 376, 384 
Tribomoethanol, 188 

2.4.5- Tribromoiminazole, 544 
Tribromometliane, 173 
Tribromophenol, 364 
Tricarballylic acid, 202 
Trichloroacetaldehyde, 202 
Trichloroacetic acid, 203 
Trichloroethanal, 202 
Trichloromethane, 172 
Trichloropurine, 589 

2.6.8- Trichloropurine, 586 
Triethoxymethane, 172 
Triethylamine, 83 
Triethylphospliine oxide, 90 
Triglyceride, double; single; triple acid, 

183 

Triglycerides, 182, 184 
Trihalogene-benzene, 350 

2.6.8- Trihydroxypurine, 586 
Triiodomethane, 173 
Trimer, 105 

Trimers (alkenes), 147 
Trimethylacetic acid, 121 
Trimethylamine, 81, 85, 86, 596, 603 

1.2.4- Trimethylbenzcnc, 339 
Trimethylcarbinol, 126, 145 
Trimethylcellulose, 291, 292 
Trimcthyleneimine, 576 
Trimethyl-fructuronic acid, 281 
Trimethylfructose, 289 
Trimethylgalloyl chloride, 383 
Tri-methylglucose, 276, 277 

2.3.6- Trimethylglucose, 287, 291 
Trimethylinulin, 289 

2.2.4- trimethylpentliane, 54, 55 

2.4.4- Trimethylpentene-i, 147 

2.4.4- Trimethylpentene-2, 147 
Trimethylphosphine oxide, 90 
Trimethylpiridines, 560 
Trinitrobenzene-1,3,5, 353 
Trinitrophenol, 353 

2.4.6- Trinitrophenol, 375 
Trinitrophenylmethyl-nitramine, 380 
Trinitrotoluene, 354 

Trioleir, 121, 183 
Trioxan, no 
Trioxime, 369 


Tripalmitin, 123, 183 
Tripeptidc, 318 
Triphenylamine, 376, 379 
'1 riphenylcarbinol, 442, 447 
Triphenylchloromethane, 446 
1 riphenylhydrax.il, 432 
Triplienylmethane, 380, 442, 446, 431 
Triphenylmethyl, 430, 431 
Triphenylmethyl sulphate, 447 
Triphcnylrosanilinc, 445 
Trisaccharide, 290 
Tristearin, 183 

Trisulphonic acids of benzene, 362 

Trithiocarbonales, 243 

Trithiocarbonic acid, 245 

Trithiomethene, 231 

Trbger’s base, 220 

Tropacocainc, G04, 607 

Tropic acid, 427, 604 

cf/-T ropic acici, 602 

Tropine, 602, 603, 604 

Tropinonc, 602, 604 

Tropinonc carboxylic acid, 603 

Trotyl, 354 

Trouton, law of, 77 

Truxillic acid a-, p-, 606 

Truxilline, a-, ( 3 -, 604, C06, 607 

Trypaflavin, 573 

Trypsin, 322 

Trypsinase, 323 

Trypsinascs, 322 

Trypsinogen, 322 

Tryptamine, 622 

Tryptophan, 307, 308, 323, 525, 622 

— reaction, 311 

Tschitschibabin, method of, 559 
Turpentine, 489 

— Indian, 48S 
Turpentine oil, 65, 486 
Tyramine, 382, 596 
Tyrosine. 307, 308, 313 

Ultracentrifuge, 319 

Unbreakable glass, 169 

Undecanc 1,1 i-Dicarboxylic acid, 196 

Undccanone-2, in 

Undistilled alcoholic beverages, 62 

Unsaturated acids, 301 

— — monobasic, 162 

— alcohols, 158 
Uracil, 580, 590 
Uramil, 583 
Urates, 582 

Urea, 240, 241, 242, 421, 578, 583 

— isolation, 3, 5 
Urease, 325 
Ureide, 578 
Ureides, 243 
Urethans, 243, 244 

Uric acid, 582, 583, 584, 588, 589 
Urine, 112, 209, 302, 501, 502, 544 
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Uroporphyrin, 534, 535 
Urotropine, no 
Uroxanic acid. 584, 583 

Vacuum tar, 347 
Valency bonds, 67, 70 

— structures, 460 
Valeriana officinalis, 121 
Valeric acids, 120 

11 -Valeric acid, 121 

Valine, 303. 323 

Vanillin, 368, 413 

Van ’t Hoff, hypothesis of, 67, 69 

— synthese of, 69 

-Le Bel, theory of, 66, 69, 70 

Vapour density, method for deter¬ 
mination, 15, 16, 17 
Varnish, 184 
Varnishes, 62 
Vaseline, 54 
Vat dyes, 527 

— dyestuff, 527 
Vegetable kingdom, 60 
Veratrole, 368, 614 

Verley-Meerwein-Ponndorf method, 161 

Veronal, 579 

Vicianose, 275 

Vicia sativa, 303 

Vinegar process, quick, 119 

Vine-slug, 290 

Vinyl acetate, 153, 158 

Vinylacetic acid, 207 

Vinylacetylene, 133 

Vinyl alcohol, 158 

— bromide, 157 

— chloride, 153, 157 

— compounds, polymerisation of, 167 
P-Vinylquinuclidone, oxime of, 610 
Violanin, 554 

Viola tricolor, 554 
Violuric acid, 579, 582, 583 
Virus bodies, 313 
Viscose, 295 


Vitia angustifolia, 275 
Volatile fatty acids, 184 
Von Baeyer, strain theory of, 139 
Volume, molecular, 31 
Vulcanisation of rubber, 493 

Walden inversion, 225 

Warburg’s yellow respiratory enzyme, 593 

— — — ferment, 326 

— hydrogen-transferring co-ferment, 594, 

595 

Waxes, 64, 121, 127 
Weld, 551 
Whey, 278 
White lead, 120 

— spirit, 53 

Williamson synthesis of, 75 
Wine-lees, 213 
Wood, 293 

— dry distillation, 60, 119 

— charcoal, 60 
-sorrel, 193 

— spirit, 60 

— tar, 60 

— vinegar, 119 
Writing ink, 424 

Wurtz, method of, 40, 41, 43, 345 

Xanthic acid, 245, 246 

Xanthine, 587, 590 

Xanthophyll, 509 

Xanthoproteic reaction, 311 

X-ray analysis of crystals, 70, 71 

Xylan, 259, 293 

Xylene, 345 

^-Xylene, 334 

Xylenes, 348 

Xylic acids, 425 

Xylidine hydrochloride, 379 

Xylidines, 377 

Xylitol, 182 

d-Xylose, 259, 463 


— process, 295 
Vis vitalis, 4 
Vital force, 4, 5 
Vitamins, 327, 503-510 
Vitamin-A. 504, 505, 509, 510 
Vitamins B, 504, 505 
Vitamin-Bj, 504, 539, 578 
Vitamin-B a , 504, 578. 591 
Vitamin-B e , 504, 565, 566 
Vitamin-B 12 , 505 
Vitamin-C, 272, 504, 505 
Vitamins D, 500, 501, 504, 505 
Vitamin D a , 500, 501 
Vitamin D 3 , 501 
Vitamine-E, 504, 505, 548 
Vitamins K, 504 

Vitamin - K [. _ 

Vtcliuj^rf ^ 
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Yeast, 60, 61, 283, 295, 296, 298,303,322 

— bottom; top, 298 

— brewer’s, 327 * 

Yellow respiratory enzyme of Warburg, 
593 

-ferment of Warburg, 326 

Yobyrine, 621 
Yohimbe tree, 621 
Yohimbine, 621 




Zeaxanthin, 509 
Zeaxanthol, 509 
Zein, 312 

Zig-zag chain of carbon atoms, 71 

Zinc alkyls, 91 

Zoosterols, 495 

Zymase, 296 

Zymases, 324 



